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FOREWORD

Classified material has been removed in order to make the information
available on an unclassified, open publication basis, to any interested
parties. The effort to declassify this report has been accomplished
specifically to support the Department of Defense Nuclear Test Personnel
Review (NTPR) Program. The objective is to facilitate studies of the low
levels of radiation received by some individuals during the atmospheric
nuclear test program by making as much information as possible available to
all interested parties,

The material which has been deleted is either currently classified as
Restricted Data or Formerly Restricted Data under the provisions of the Atomic
Energy Act of 1954 (as amended)}, or is National Security Information, or has
been determined to be critical military information which could reveal system
or equipment vulnerabilities and is, therefore, not appropriate for open
publication. '

The Defense Nuclear Agency (DNA) believes that though all classified
material has been deleted, the report accurately portrays the contents of the
original., DNA also believes that the deleted material is of little or no
significance to studies into the amounts, or types, of radiation received by
any individuals during the atmospheric nuclear test program.
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ABSTRACT

The general objectives were: (1) to measure the complex gamma field at a number of positions
within 10,000 yards of each of the two underwater maclear detonations {(Wahoo and Umbrella),
(2) to collect limited samples of airborne debris resulting from these detonations, and (3) to
expose a number of test panels to this same debris.

The total gamma field was measured by means of about 20 gamma-intensity-time recorders
installed on floating platforms located within a radius of 10,000 yards from surface zero. Sam-
ples of radicactive material deposited from the cloud were obtained by incremental collectors
associated with the basic gamma-intensity-time recorders. Surface water activity was meas-
ured, and certain physicochemical parameters of the radicactive cloud were measured to cal-
culate the free-field dose rates from the records obtained. Similar instruments supplemented
by National Bureau of Standards {ilm packs were used to determine gamma fields and total
doses at various positions aboard three destroyers and a Liberty ship located within the area
covered by the fleating platforms. A comparison between shipboard fleids and the local free-
field is thus possible.

During both Wahoo and Umbrella, nearly all of the total gamma dose occurred within 25
minutes after zero time and was due to the passage of airborne radioactive material. The
gamma-dose-rate records show pronounced and characteristic differences in the transiting
gamma fields resulting from each of the two detonations. Gamma doses in excess of 100 r
occurred within the first 15 minutes at downwind distances less than 16,000 feet from Wahoo
and 14,000 feet from Umbrella. In both instances the residual field due to deposited radicactive
material was relatively insignificant, although radicactive foam may represent a radiological
hazard.
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Chapter 1

INTRODUCTION

Development of antisubmarine nuclear weapons by the Armed Forces has generated a need for
more precise information on radiation fields resulting from underwater nuclear detonations.
Prior to Operation Hardtack, several logical field configurations could be postulated, a fact
that resulted in a wide variation of predicted conditions. These fields were defined by a com-
bination of direct radiation originating in the device itself and of indirect radiation principaliy
determined by local meteorology and the dynamics of the radioactive cloud or clouds formed.
(Words frequently used in a special sense are defined in Appendix F.) Although the cloud con-
tribution could be modified at specific locations by upwelling of contaminated water, ete., its
manifold effect on the total radiation field was considered controlling and was divided into radia-
tion from (1) the cloud and column, (2) the base surge, and (3) fallout resulting from either.
Published speculations on the relative importance of base surge (References 1 and 2) as a ¢con-
tributing element showed extremely wide latitude in interpreting existing data.

The desirable standoff distance for a surface vessel delivering a2 nuclear weapon to its in-
tended underwater target is determined, however, not only by the radiation field but also by
the magnitude of underwater shock. Current estimates {References 2 and 3), based on the
assumption that the radiation field was the controlling factor, spectfied safe delivery distances
50 large as to place severe performance requirements on existing sonar equipment. Difficulties
in interpretation were further emphasized by an operations analysis (Reference 4) of the pru-
posed underwater detonations made before Operation Hardtack which, on the basis of the pre-

dicteq radiation field, indicated a minimum safe delivery distance, from Shot Wahoo
detonated at 500 feet in deep water) but which, on the basis of maximum permissible
undersater shock, indicated a minimum safe delivery distance for Shot Umbrella

Hdetonated at 175 feet on the bottom).

This operations analysis suffered from uncertainty in the no-wind and downwind base surge
dimensions, from geometric simplification of cloud shapes reaquired for mathematical treat-
ment, and from the assumption that an average photon energ’j truly represented the
composite radiant energy. Better definition of the military implications of radiation fields rela-
tive to underwater shock obviously required more empirical data. Therefore, the project’s
objectives were designed to supply information needed for a precise description of the radio-
logical environment resulting from the two underwater detonations scheduled for Operation
Hardtack.

1.1 OBJECTIVES

The general ohjectives were: {1} to measure the complex gamma field at a number of posi-
tions within 10,000 yards of each of the two underwater nuclear detonations (Wahoo and Umbrella),
(2) to collect limited samples of zirborne debris resulting from these detonations, and (3) to ex-
pose a number of test panels to this same debris.
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Specifically, the total gamma dose rate as a function of time was to be determined at 21
floating stations in a manner that would permit resclution into an initial dose occurring during
the first minute after detonation, a free-field (Appendix F) dose rate resulting from the com-
posite cloud only, and a residual dose rate due to radioactive material deposited from the cloud
in transit, Since heavy deposits of radioactive material on the gamma detector itself —or up-
welling of highly contaminated water around the {loating platform carrying the detector —could
have masked the free-field dose, additional instrumentation was installed at specific locations
indicated by a theoretical analysis of the situation. The basic time-based gamma measurements
were to be augmented by cloud-movement data obtained from photographs and by total dese data
obtained from film packs mounted in fixed and free-flcating stations.

The gamma fields due to airborne radicactive material only were to be correlated with the
gamma flelds measured aboard three destroyers (DD’s) and one Liberty ship (EC-2) in the pro-
posed target array. The data could then be used in conjunction with current theories of aerial
transport in the determination of optimum conditions for antisubmarine warfare {ASW) delivery
by a destroyer. Such an operations analysis was, however, specifically not an objective of the
project.

Samples of airborne debris were to be collected aboard the three destroyers to provide addi-
ticnal information on the nature of both base surge and fallout. This information was needed
for interpretation of contamination ingress studies and for development of better fallout simu-
lants for underwater detonations. Also, test panels were to he exposed for use in later com-
parative decontamination studies of actual and simulated contaminants. Measurements cobtained
from the fallout collections and test panels are reported here only to the extent that they influence
the basic gamma field determinations made by the project.

1.2 BACKGROUND

Shot Baker of Operation Crossroads and the single shot of Operation Wigwam represent the
only underwater detonations of nuclear devices prior to Operation Hardtack.

Although the gamma dose and dose rates had been predicted for shallow underwater detona-
tions by means of current scaling theories (References 11 and 12}, high-explosive (HE) data
(Reference 13), and photographic evidence (Reference 14), these predictions had to rely heavily
on data from underground detonations {References 15, 16, and 17) and could therefore be in
error by as much as two orders of magnitude. Although the paucity of underwater information
justified this use of underground data, correspondence hetween the two types of detonations was
not established, and speculations on the mechanism of formation and dispersion of radioactive
material suggested substantial differences.

Specifically, the formation of fallout particles in underwater bursts by sclution of fission
products in liquid spheres condensed from the vaporized device casing (Reference 18) was
thought to be anaiopous to airbursts rather than underground bursts. The greater ambient
pressure might cause condensation to commence at earlier times; thus, an underwater burst
could produce particle sizes slightly larger than those for an airburst (Reference 19), their
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exact median size being a function of depth. However, due to the lower concentrations of va-
porized material, the final particle size in either case was expected to be significantly smaller
than those typical of the underground case. The gamma field resulting from the dispersion of
such particles by meteorological processes was expected to differ significantly in the area of
interest, because the mass subsidence of large amounts of water was expected to confine the
total event to a much smaller area than that normally expected from an underground burst.

The initial dose for an underwater shot could also be significantly altered both by shielding
effects of the water itself and by the absence of nitrogen, thus preventing the high-energy gam-
ma emission (average 6.5 Mev, Reference 20) due to the (n,y) reaction on N¥. Gamma fields
associated with the radiating cloud could be further altered by differences in gamma spectrum
due to the presence or absence of specific induced radionuclides.

The similarity between underground and underwater hursts, therefore, appeared tenuous at
best; and while it was recognized that HE models might effectively simulate the dynamics of
clouds resulting from underwater nuclear detonations, insufficient data then existed for the
calculation of the associated gamma fields. Although the peak dose rates during transit for
Crossroads and Wigwam compare favorably (see Appendix E), the authors concluded that pre-
cise documentation of the total gamma environment resuiting from the underwater detonation
of a nuclear device was definitely required.

1.3 THEORY

The project proposed measurement of the gamma fields at 21 locations, selected after con-
sideration of the best available information (References 21 through 25), to obtain data from
three substantially different areas of the total event, viz, base surge without fallout, combina-
tion of base surge and fallout, and fallout only. For convenience, these locations were given
nominal position designators stated in terms of the probable wind direction (References 26 and
27) as indicated in Table 1.1 and Figure 1.1. These nominal positions, which indicate the orig-
{nally intended location of a station, are used throughout this chapter. The original nominal
positions are changed at the beginning of Chapter 2 (Table 2.1} to reflect changes in intended
position necessitated by operational conditions in the field. This second set of nominal position
designators is used throughout the remainder of the report.

At each location, a number of detecting and collecting instruments were placed on specially
designed floating platforms, termed “coracles” to distinguish them from skiffs previously used
as deep-anchored stations (Figures 1.2 and 1.3). The coracles were circular, to facilitate in-
terpretation of instrument responses, and were held to the smallest practical diameter to mini-
mize corrections to the free-field dose rate due to deposited activity (actual dimensions are
given in Figure A.1). They were also designed (1) to minimize wash over the deck, (2} to with-
stand overpressures of 2,000 psi, and (3) to reduce a shock of 200 g delivered to the coracle
hull to 5 g delivered to instruments mounted in an internal instrument well. A fully instrumented
coracle weighed approximately 1,700 pounds and drew 14 inches of water.

The use of shielded detectors to eliminate contributions from deposited activity was consid-
ered as 2 means of obtaining free-field measurements, but the interpretation of the record
irom single shielded detectors appeared difficult. Previous measurements of the directional
characteristics of nonhomogeneous gamma fields (References 28 and 29) had indicated that the
greatest directional contribution could be expected in that direction which transected the great-
est thickness of the radicactive ecloud. The principal component of the complex gamma field at
most times and at most stations was therefore expected to be nearly horizontal. Although di-
rectional shielding has been attempted (References 30 and 31), the interpretation of records
from shieided detectors mounted on the rolling platform afforded by a coracle would involve
considerably more instrumentation than that allowed by funds then available to the project.
Therefore, unshielded gamma detectors were employed.

When using unshielded detectors (Figure 1.4), the project had to consider the possibility that
deposits of radioactive material on the coracle decks and the detector casing itself might be
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TABLE 1.1 DEPTHS AND BOTTOM SLOPES AT PROPOSED STATIONS

For diagram of propesed array, see Figure 1.1.

WAHOO UMBRELLA

Position * Approximate Depth B;::f:j Position* Approximate Depth B;;.:)c;r:

fathoms ft deg fathoms ft deg
a2 400 2,400 22 U 2.0 20 120 0
U 4.0 360 2,200 23 U 3.0 20 120 0
U8 310 1,900 23 U 4.0 20 120 0
CL 4.0 620 3,700 8 CL 3.0 16 100 0
CL 4.8 640 3,800 8 CL 4.0 16 100 0
DL 7.2 710 4,300 10 DL 6.5 18 110 0
DL 12,0 810 4,900 3 DL 13.0 130 780 31
DL 19.2 8680 5,200 3 DL 1s.0 520 3,100 12
D 4.8 850 3,900 10 D 4.5 18 110 0
D 8.0 730 4,400 10 D5 18 110 4]
D 14.4 850 5,100 3 D 14.5 140 840 27
D 24.0 300 5,400 2 D 22.0 510 3,100 12
DR 4.8 620 3,700 10 DR 4.5 18 110 0
DR 8.0 700 4,200 10 DR 7.5 18 1190 0
DER 14.4 820 4,800 3 DR 12.0 18 110 4]
DR 24.0 820 5,500 2 DR 22.0 330 2,000 19
DRFE 1.2 850 3,900 10 DRR 6.5 18 110 o
DRR 12.0 740 4,400 10 DRR 11.0 18 110 0
CR 1.0 400 2,400 19 CR 3.0 16 100 0
CR 1.5 280 2,300 20 CR 4.0 16 100 0
Clt 6.0 340 2,000 20 CR 5.5 16 100 0

* Positions are given relative to surface zero.

surface wind from 068° T, viz;
looking in the direction the wind is blowing; D = downwind; DL and DR = 15° to the left or right of
downwind; DRR = 30° to the right of downwind. Distances to surface zero are expressed in thousands

of feet.
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Directions are stated with reference to a predicted
U = upwind; CL and CR = crosswind to the left and right respectively



TRUE NORTH
——————

DIRECTION DISTANCE, 10° FEET
WAHOO UMBRELLA

UPWIND 22,4,48 2,3,4

CRS'W (L) 40,48 3,4

CRS'W (R) 4,48,¢ 3,4,55

DWN 48,8,144,24 45,785,145 22

DWN (15°L) 7.2,12,19.2 6.5,13,'9

DWN (15°R) 48,8,144 24 4.5,75,12,22

OWN (30°R} ?7.2,12 651
UMBRELLA (CORACLES)

WAHQO (CORACLES)

UNDERWATER GITR
HIGH = RANGE GITR
FFP (UMBRELLA)
FFP {WAHOOD)

162#10°

Figure 1.1 Originally intended array of coracles and {loating film packs (FFP).
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large enough to alter the {ree-field measurements significantly. Such heavy deposition contrib-
uting up to 50 percent of the recorded dose rate had, for instance, been experienced on Opera-
tions Castle and Redwing (References 32 and 33). During Operation Hardtack, the proximity of
some proposed stations to surface zero placed the gamma-intensity-time recorders (GITR)—
developed by the Naval Radiological Defense Laboratory (NRDL)—in areas where large amounts
of erupted water with presumably high scavenging efficiency could be expected. The radioactive
material remaining on coracle and detector surfaces might therefore be sufficient to represent
a significant contribution to the gross gamma record; thus, some approximate means of cor-
recting for such deposition appeared necessary. ’

Consequently, the GITR’s were used in conjunction with an incremental collector (IC) capable
of collecting radioactive material deposited at the detector for short increments of time during
transit of the radiating cloud. These collections were to be counted after coracle recovery,
corrected for decay, and applied to the gross gamma record, using conversion factors for
detector response to known concentrations of deposited activity (Section C.5).

Other possible sources of radiation such as deposited radioactive material suspended in the
water surrounding the coracle or the upwelling of water directly contaminated by the detonation
were also examined and considered to be of secondary importance in comparison to deposits on
coracle surfaces (Section 1.3.1). Although later experience in the field demonstrated that such
corrections were unnecessary, the relative insignificance of deposited activity is in itself of
particular importance.

An alternative method of deducing the free-field gamma intensity 1, was also available,
This method was first employed on QOperation Redwing data (Reference 34) and is based on the
assumption that the rate of deposition is a function of the concentration of fallout in the air im-
mediately over the point of deposition. Thus,

1y = K S(t) t™¢
where 5(t) is the concentration of fallout per unit volume of air, K, is a constant of proportion-

ality for instrument response to a radiating cloud, and t represents time. The rate of deposi-
tion dD/dt is therefore defined by

where X, is a constant of proportionality describing deposition from the cloud.
The response ID due to the deposited material is necessarily some function of the amount
of deposited material D(t). Thus,

Ip = K, D(t) t™12

where X; is a constant of proportionality for instrument response to a deposited field. The
gross radiation intensity I is therefore

Ig = K 8 t71% + Ky D) t~*
This equation is solved for S(t} in terms of 1, yielding the expression:

t
s(t) = e_K‘tf F(t) eXetgt

te

K K

where K; = X
i1

and
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.1 8.2 12 &I
FO = (1.2t Ig +t f)

This equation offered a possible check on the empirical iree-field determination by electronic
analog, provided that dIg/dt could be properly described by an arbitrary function generator.
Otherwise a simplified version of the expression for S{t} could be solved by graphic iteration,
as demonstrated in Reference 34. The analog solution requires the determination of the vari-
ous constants of proportionality K;, K;, and K, and a precise knowledge of decay at early
times. Although values for K; and K; can be easily determined and it might be possible to
estimate X, by a statistical analysis of the incremental collections, complete information con-
cerning early decay is required before an actual analog solution can be attempted. In fact,
both methods of correcting for deposited activity are necessarily dependent upon an accurate
knowledge of early decay. Unfortunately, the project was unable to include a detailed study of
early decay among {ts objectives because of lack of both funds and personnel.

1.3.1 Components of the Radiation Field. Proper interpretation of the gross gamma record
depends upon the evaluation of the various sources of radiation outlined in the previous section.
Considering first only sources resulting from deposition during passage of airborne radiocactive
material over the coracle, it is obvious that such sources do not exist until the station has been
engulfed by the radiating cloud. These deposited sources increase in relative importance so
long as the station remains within the cloud, finally becoming the principal source of radiation
after transit. Possible gamma radiation resulting from the upwelling of radioactive water di-
rectly contaminated by the nuclear detonation is considered as a separate case later in this
section. The gross gamma record is therefore separated into radiation received from the cloud
itself, {rom deposits on the coracle decks, and from deposited material suspended in the sur-
rounding water.

The relative magnitudes of these contributing components are estimated using the general
expression (Reference 35;

- UX da
dl = L, B(E, T =
L B (Eo, Zux) € an (Tx)?

where dI is incident radiation intensity from a source of intensity I, and area dA at a distance
x, B(E,, Zupx) is the buildup factor which is a function of radiant energy E, and the sum of
the mean free paths ZTux , and e“E"‘x is the attenuation factor also dependent on the number
of mean free paths involved. The gross gamma intensity I is expressed as the summation of
the radiation intensities from the cloud 14 {rom material deposited on the deck and the instru-
ment case I and from fallout suspended in the surrounding water Iy, .

The cloud intensity Ia is determined by integrating over a hemisphere with the detector at
its center and adding the contribution from a radiating slab whose thickness is equivalent to the
detector distance above the water surface (see Section A.l1 for dimensions). Allowing the slab
and the hemisphere to extend to infinity, the integrated expression simplifies to

Jalt) —1aZ  HAZ .
IA = (1+]Q m {2—-9 A + li‘K [— Ei (— [_LAZ)]

where K is a constant approximating the buildup factor in an expression of the form (1+K pr) s
JA(t) is the source intensity for a unit volume of cloud, p, is the linear attenuation coefficient
for air, and z is the thickness of the slab. U** fission data (Reference 36) indicates that the
average gamma photon energy over the period of interest probably lies between 1.2 and 0.9 Mev;
thus, a weighted average for linear attenuation coefficients and buildup factors can be deter-
mined {rom standard references (References 37 and 38). Using the values tabulated in Section
A.1l, the expression for the cloud intensity was evaluated at
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Iy = 1.76x 104 Jalt)

Radiation from the deposited material I is determined by subdividing it inte two compo-
nents, viz, that due to deposits on the coracle decks 14, and that due to deposits on the de-
tector case I, ;thus,

Ip = Lyd + lde

Neglecting decay for the moment, the radiation intensity due to both deposited sources increases
at a rate primarily determined by the terminal falling velocity Vp of the fallout material. Under
the worst conditions, the radiation intensily due to material deposited on the detector case
(which is a domed cylinder, see Figure 1.4) may be approximated by assuming a uniform deposi-
tion on a spherical shell surrounding the sensitive volume; thus,

Lye = Jplt) = Jo() Vp (t—t)

where Jp(t) is the radiation intensity deposited per unit area and (t—t;) is the time elapsed
since the arrival of faliout. This approximation probably overestimates Ij. by a factor rang-
ing between 1 and 2, since only the upper hemisphere is equivalent to the actual detector case,
and the shorter radial distance and normal photon incidence over the lower hemisphere prob-
ably overcompensates for the increased surface area of the cylinder. The radiation intensity
due to the deck deposit was calculated from an expression developed in Reference 39 for a point
above a smooth, uniformly contaminated piane:

In(t) -
lag = -—2(— {[—Ei (—upax)] +Ke “Ax"}

where X, is the slant range between the sensitive volume and the edge of a nonradiating disk
whose center is a distance h below the sensitive volume. With a deck radius of 3.7 feet, this
expression was evaluated at

lag = 0.5 Ipt) = 0.35 Ja(t) Vi (t—t;)

As might be expected from its proximity tc the sensitive volume, the depocsition on the in-
strument case itself causes a greater instrument response than deposition on the coracle deck.
Therefore, it appears more important to reduce deposition on the detector case than to shield
the detector from the deck deposits. The total radiation due to deposited activity is:

Ip = 1.55Jpt) = 155 Ju(t) Vp (t=t))

The radiation 1y resulting from fallout material deposited in the surrounding water is esti-
mated on the basis of Redwing data (Reference 40). For water surface bursts, the general
behavior of that portion of fallout remaining near the ocean surface may be approximated by
certain simple parameters. Assuming that these parameters also apply to subsurface detona-
tions and assuming further that all fallout material remains in the surface laver, the maximum
concentration of suspended fallout Jy,(t) is approximated as follows:

JAlt) Vy (t=tp)
st = AR U

where M is the depth of surface mixing. Redwing data (Reference 33) indicates that fallout
reached a depth of 7 to 20 meters shortly after deposition in surface waters and, after cessa-
tion of fallout, settled to the thermocline at a rate of 2.6 m, hr. A value of 7 meters is there-
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fore selected for the depth of surface mixing. The radiation intensity at a point above z. infinite
siab of uniformly distributed activity is calculated from the following simplified expression,
which assumes that the buildup factors for the two media are the same:
Jwit) h
T =
w 2 Ky X

{[1+K] e HAN _ kg [-Ei (- quo)]}

In order to estimate attenuation due to the coracle itself, the value for I, is separated into two
components, viz, that due to water beyond the intersection of a tangent to the coracle edge and
the water surface, and that transmitted through portions of the coracle itself. The effective 2
numbers calculated for various coracle materials by the method in Reference 41 are used w0
compute an average linear attenuation coefficient (Section A.1). The expression for Iy using
these coeificients is: :

Iy = 0.019 J5(1) Vi (L—tg)

It was therefore apparent that, with the exception of upwelling radioactive water, the prin-
cipal factors aifecting the gross iatensity L, are the radiation from deposited material Ip and
radiation from the cloud Iy . The GITR, however, does not have a 4% respense (Figure 1.4).
The corrected expression for Ly determined by averaging instrument response over the solid
angle subtended by the deck is:

I. = 1.02 I, + 0.58 I+ 0.98 IW

G

The general expression for I in which the relative contribution for all deposited sources is
represented by the sum of In and Iy, is:

Ig = 1.8 x10° Jo(t) + 1.54 Ja(t) Vp (t—1p)

To estimate the relative contribution from the radiating cloud, some expression must be
assumed for .IA(t) . The mathematical complications of moving fields are avoided by assuming
an infinite stationary cloud, and motion is simulated by allowing the concentration of radicactive
material to change as a function of time. This approximation, of course, overestimates the
relative importance of the deposit dose rate during the simulated approach and underestimates
it during the latter phases of the simulated departure. "§Since the matter of primary interest is
the approximate maximum contribution due to deposited activity prior to and during the peak
dose rate, both these lnaccuracies in the model can be tolerated. An analysis of previous gam-
ma dose rate histories (Relerence 42) has indicated that the time to reach peak activity is ap-
proximately twice the time of arrival; thus, by assuming further that cessation occurs at eight
times the time of arrival, cloud movement is simulated by varying the concentration factor
Ja(t) as follows:

Jalth = kT [ng(t) + ni(t)]
where
ny(t) = tz_t % for ty=t=3t
0
and
na(t) = [1 - t_3t°]- for 3ty <t = 8t,
51,
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In these expressions, k is a factor converting the number of disintegrations per radiating
particle into Mev/see, na is the number of particles per unit volume of cloud, and t; is the
time of simulated arrival. A factor for radioactive decay is also included in the expression
for J4(t) by assuming the t~!? approximation applies. These expressions also contain the
tacit assumptions that the average gamma energy per photon remains reasonably constant over
the pericd under consideration, and that the vertical dimension of the cloud is large enough to
neglect depietion of cloud activity through deposition, i.e., greater than five mean free paths,
or 2,300 {eet for 2 1-Mey gamma, Although the radiation due to the airborne material can be
estimated from the instantaneous value of J,(t) , the contribution from deposited material must
be integrated from the simulated time of arrival. Thus,

1
Ip + Iy = 1.54 kr’-zvp L ng(t) dt
0

Although the concentration factor was determined by assuming certain arrival times, the use
of such words in conjunction with a stationary model is misleading; therefore the term “cloud
slope” Cg is coined. This term refers to the rate of increase in the concentration factor
JA(t) , a tharacteristic which completely describes the particular situation; thus,

1

Cg = N

Using terminal velocities of 0.3, 3.0, and 30 cm/sec, which bracket those most probable

for base surge (Table 1.2), the expected free-field intensity I is calculated for a number of
cloud slopes and expressed as a percentage of I . Values for cloud slopes typical of early

and late arrival times are presented in Figures 1.5 and 1.6, and the remainder of the calcula-
tions are tabulated in Section A.2. Both these curves and the tabulated data clearly demonstrate
the pronounced decrease in the relative response to free-field intensity as the terminal velocity
and, hence, the particle size increase. This situation becomes progressively worse for cloud
clopes characteristic of late arrival times corresponding to those experienced during Operations
Castle and Redwing. Since arrival of base surge at most of the proposed Hardtack stations was
predicted (Reference 22} prior to 3 minutes, it seemed probable that the cloud slopes greater
than 0.1 would be experienced at all project stations.

Since the estimated relative intensity Iw due to fallout suspended in the surface layer of the
ocean is small, the most obvious means of improving detector response to the cloud radiation
15 to reduce the contribution due to deposited material. Any fallout associated with the proposed
underwater detonations was expected to be in the form of liquid dropiets; therefore, the most ef-
fective approach was to increase runoff from the detector case. In the event of high terminal
falling velocities (or large fallout droplets), most of the material deposited on the detector case
was expected to roll off to the deck, where its relative contribution would be reduced by a factor
of 3. Further improvements in detector response could have been accomplished by shielding;
however, about 500 pounds of lead wouid have been required to reduce the deck contribution to
1 percent, a weight that was obviously impractical for coracle application. The deck contribu-
tion could have been reduced to 50 percent by the addition of a 10-pound lead shield; however,
the same reduction could also have been accomplished without the risk of deposition on the shield
itself by raising the detector 1.7 feet above its preseunt position. The simple deck mounting
shown in Figure 1.2 was finaliy selected as the best compromise between experimental and op-
erational reguirememrss.

In the light of Wahoo and Umbrella results, the deposited activity actually observed is charac-
teristic of that predicted for high cloud slopes and small individual droplet sizes; specifically,
the relative response follows the curve for Vv, = 0.3 cm/sec as shown in Figure 1.5. A similar
response could also have resulted from heavy deposition that immediately ran off the coracle
surfaces, and it appears that, depending upon statien location, the observed low residual activity
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TABLE 1.2 FALLING VELOCITIES FOR LIQUID DROPLETS

Velocity of Velocity of mg of H,O

Di t
Description®* o;a;?_z esr“ Fall Fall per m® of
P idist. H,0)  {salt H0) air *
B cm,/sec cm/sec
Fog 10 0.3 0.3 6.0
20 1.2 1.2 -
80 19 19 -
Mist 100 27 27 55.5
Drizzle 200 72 73 92.6
300 117 119 -
400 162 164 -
Light rain 450 -~ - 139
500 206 209 . -
600 247 250 -
800 327 331 -
Moderate rain 1,000 403 408 278
1,200 : 464 470 -
1,400 517 524 -
Heavy rain 1,500 - - 833
* Reference 43. **Reference 44.
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may have resulted from either or both suggested causes. Thus, the gross gamma-intensity
record can in all cases be considered the free-field record without further correction. Presen-
tation of so detailed a theoretical treatment may therefore appear somewhat academic; however,
the approach as given is considered useful both [or interpreting the range of effects observed
during Operation Hardtack and for predicting the relative magnitude of various contributing
compenents in future underwater deionations where Jarger amounts of deposited radioactive
material may logically be expected. :

The radiation intensity due to the upwelling of contaminated water is {reated in exactly the
same manner as that already presented for Iy - In this case no mixing factor M is reguired.
The intensity Iyny at the GITR detector, due to an infinitely large body of such contaminated
water, is computed to be:

IUW = 135 Jw('t}

If an equivalent source concentration is assumed for both the airborne and the waterborne mate-
rial, i.e., that Ju(t) = Jwlt) , the intensity due to an infinite cloud is roughly a thousand times
that due to an infinite water source. Although significant contributions from such sources were
not considered likely, the intensities due to circular upwellings of various radii were calculated
as a percentage of the intensity from 2n infinite water source and are presented in Figure 1.7.

An inspection of this figure indicates that an upwelling 50 feet in radius would be nearly equiva-
lent to an infinite water source. The mathematical model employed implies an absolutely smooth
interface; therefore, the actual intensities could be reduced 20 percent or more by surface rough-
ness (Reference 45). The approximate intensities resulting {from the movement of such circular
bodies of radiocactive water past a coracle are presented in the following section.

1.3.2 Properties of Moving Fields. Although consideration of stationary radiation fields can
indicate the relative magnitudes of possible contributing sources, such models are of no use in
deducing cloud dynamics or transport mechanisms. The general solution for the passage of a
radiating cloud would be a powerful tool for the analysis of dose rate histories, but such a gen-
eral treatment rapidly runs intc mathematical difficulties beyond the scope of this project. A
few simple cases are investigated, however, and are used later in this report for interpretation
of the GITR records.

The approach of an infinite rectangular radioactive cloud may be treated as a special case of
the intensity above an infinite radiating slap developed in Reference 39. The approximate ex-
pression for the radiation intensity Ia at a point on a nonradicactive plane and at distance x
irom the forward boundary of such a rectangular cloud of radicactivity is:

Jalt) -
Lp - 2%1— {(1+K) e PAT L uux [-Ei(- #Ax)l}

where JA(t) remains the source intensity per unit volume of cloud, u, is the linear attenuation
coefficient for air, K is a constant approximating the buildup factor in an expression of the form
(1+K pax), and pax is the mean-free-path length in air for gamma rays of a stated energy.
Since radiation {rom sources approaching from a distance are to be considered, the errors in-
herent in the buildup approximation must be carefully inspected. Ignoring contributions from
scat'ered photons with ultimate energies less than 0.068 Mev, the linear buildup approximation
used is good to within +16 percent for a gamma source energy of 1 Mev up to distances of 10
mear {ree paths. When the distance to the approaching c¢loud becomes zero, the intensity is
given by the expression:

Jalt)
(Iap)x__o = I, = m— (1+K)
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where I, is the radiation intensity at the point in question when the approaching radioactive
cloud reaches this point. H the cloud continues past the point a distance y , the intensity be-
comes;

J,(0) Ju(t) -
Idp = 41::11& (1+K) + 41‘:‘A {V”A [-Ei (- uAy)] + (1+K) (1-—e I-‘AY)}
and
Ja{t)

where I is the radiation intensity at the center of an infinite hemisphere of radicactive cloud.

To simulate actual conditions, however, clouds of finite thickness must be considered. The
difference between values obtained for two infinite rectangular clouds at different distances
from the detection point approximates the desired intensity for clouds of finite thickness. Base
surge is thus approximated by a vertical wall of radicactive material infinite in length and
height but of finite thickness. Values of K corresponding to energies of 1.0 and 1.25 Mev were
selected, and the intensity as a function of distance to the leading edge was calculated for vari-
ous thicknesses s and expressed as z {raction of Lp . These results are presented in Figures
1.8 and 1.9. By assuming a surface wind speed, relative intensities as a function of time may
be obtained from these plots. However, most photographs of base surge from underwater deto-
nations reveal that, although the vertical wall approximation may be reasonable for the upwind
case, the surge front at downwind and cerosswind positions usually approaches at an obtuse angle.
According to Reference 46, this angle is approximately 120°, a value which {5 usually substan-
tiated by photographic measurements. The general expression for a wall approaching at a 120°
angle could not be integrated. However, approximate solutions for a number of thicknesses
were obtained by geometric means fully described in Section A.3. The computed intensities
relative to Iy are presented in Figure 1.10 as a function of distance to the leading edge. Both
the vertical and the 120° approach curves proved useful in the determination of base surge ve-
locities and in the definition of time of arrival (Section 3.3.4).

Analysis of the gamma dose rate histories at late times (5 minutes or greater) revealed peak
activities that can best be explained by assuming the presence of radioactive water or foam in
the vicinity of the coracles. The shape of these later peaks could not be reproduced by areas
of upwelling, which were large in comparison to the mean {ree path of 1-Mev gammas, a con-
figuration which has been caleulated in Reference 47. Consequently, a special case of the model
currently being investigated {Reference 48) was extended to dimensions that would approximate
the passage of a relatively small pateh of radiocactive water or foam. The approximation used
yielded the intensities due to passage of a thin disk of uniformly distributed activity beneath a
point whose distance above the plane of the disk was equivalent to that of the GITR detector
above the ocean surface. The computed intensities normalized to the intensity at the center of
the circular radioactive area are plotted against the distance {rom this center for a number of
radii {(Figure 1.11). These curves were employed to determine whether the dose rate peaks
observed could indeed have been caused by such bodies of radiocactive water or foam.

1.3.3 Supplementary Measurements. The basic instrumentation of the project consisted
therefore of GITR's and 1C’s mounted in pairs on coracles arrayed about surface zero. This
array was supplemented at specific locations by other instruments designed for more special-
ized measurements. Several underwater gamma detectors were used to detect activity due to
upwelling contaminated water, Thelir locations were selected on the basis of the predicted
movement of radioactive water (Section A.5). The data obtained was intended primarily for the
correction of gross gamma records in cases where both the radiating cloud and heavily con-
taminated water arrived simuitaneously. However, these water corrections were never applied,
sinte on hoth Wahoo and Umbrella the base surge rapidly outdistanced the contaminated water
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and produced a sufficiently characteristic dose rate record so that the presence of waterborne
radiation can be detected by inspection. At some locations, radiation due to contaminated water
became important at later times (5 minutes or greater) when, in the absence of free-field radia-
tion, the water intensities can be determined directly from the GITR record.

Although the underwater detectors were not needed as originally intended, these instruments
provide attenuated traces of the free-field record which are used as a check on the standard in-
sirument. A distinction between the attenuated {ree-field record and the water record as seen
by an underwater detector was possible through a comparison of curve shapes, since the two
phenomena produce a characteristic record.

Calculations based on predicted venting times (Reference 24) and previous measurements of
dose rates occurring at early times (References 20 and 49 through 52) indicated that rates as
high as 10% to 108 r/hr were possible at close ranges, particularly on Umbrella. Although the
duration of these early peak rates would be very short, these peak dose rates could result in
doses of tactical significance. Since these rates were beyond the range of the NRDL gamma
detectors {maximum rate 10% r/hr), and since high time resoiution would be advantageous in
any analysis of early dose rates, the project borrowed a number of high-range gamma detec-
tors developed by the Army Signal Engineering Laboratory {ASEL) with a maximum rate of
10 r/hr and a possible time resolution of 0.1 msec. These units, called Gustave I's {Refer-
ences 49 and 50), were installed on coracles closer than 6,500 feet from surface zero and pro-
vided a record of gamma radiation intensity for the first 85 seconds after zero time.

The project also requested detailed photographic coverage of cloud movement on both Wahoo
and Umbrella so that the visual phenomena could be correlated with the time-based gamma in-
tensity records obtained at all locations. By means of these visual records, meteorological
parameters and current theories of fallout transport mechanisms, the project intended to reduce
the gamma records at the coracle locations to gamma-intensity-time contours abeout surface zero.
The production of such contours obviously requires a far greater station density than that per-
mitted by available funds; therefore, the project had to rely heavily on photographic tracking of
the base surge. Since the operational limitations on both photographic and meteorological cover-
age would affect the reliability of these contour plots, the project attempted to augment the sta-
tion density through the use of approximately 70 floating film packs (FFP), which were either
anchored or so placed as to drift into preselected locations throughout the coracle array. Doses
recorded by these FFP’s were interpreted by means of similar film packs installed aboard each
coracle station. Redwing experience (Reference 33) had shown that a good correlation exists
between Naticnal Bureau of Standards (NBS) film pack measurements and the integrated total
gamma dose obtained from an associated time-based gamma detector; therefore, the use of
these FFP’s made possible a finer grid of correlation points for the analysis of visual cloud
phenomena and the construction of gamma contours.

The FFP’s placed for Wahoo were necessarily free-floating, which greatly increased both
operational and analytical difficulties. An analysis of current data taken by the Scripps Institu-
tion of Oceanography (SI0O) during its November-December 1856 survey of the proposed shot
area (Reference 53) and additional information provided by the Office of Naval Research (ONR)
indicated that an average surface drift of 1 {t/sec could be assumed over the entire array. By
the use of suitable drogues, the proiect hoped to reduce drift rate to about 0.5 ft/se¢, which
speed was used for computing the distance traveled during film pack exposure. The relative
cloud dose Dy ,expressed as a percentage of the total dose Dy + Dy accrued from both the
cloud and deposited radicactive material suspended in the surface-water layer DW , wWas com-
puted by integrating the expressions derived earlier for cloud intensity I, and water intensity
Iw . Selected values, together with the estimated distances traveled during exposure were
then used to evaluate the feasibility of attempting this FFP operation (Table 1.3). As indicated
eariier in this chapter and borne out by actual experience in the field, cloud slopes (Appendix
¥) greater than 0.1 (corresponding to a time of arrival 5 minutes or less) were expected within
the range of project stations for both Wahoo and Umbrella; therefore, drift distances were not
expected to exceed 1,000 feet.
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TABLE 1.3 ESTIMATED RELATIVE DOSE AND DISTANCE OF DRIFT FOR FFP'S

Est. Percent

Time of Assumed FFP Movement of FFP’s D4 as Percent of Dy * Dy
Arrival Duration Daring Moving Stated Vp=0.3 Vp = 3.0 Vp =30
of Cloud of Fallout Exposure Distance p
or Less cm/sec cm/sec cm/sec
min min ft pct pet pet pet
1 8 240 - 100 99.3 23.0
2 16 480 37 99.9 98.5 87.0
3 24 720 - 99.8 97.8 81.5
4 32 960 - - - -
5 40 1,200 58 99.6 96.4 72.6
6 48 1,440 - - - -
8- 64 1,920 79 - - -
10 80 3,000 - 99.2 93.0 57.1
20 160 6,000 - 87.5 86.9 9.8
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Because Shot Umbrella was located tnside Eniwetok lagoon, most FFP’s could be anchored
prior to the shot, which substantially increased their value. In both shots, however, some
provision for assessing dose accumulated from radioactive water after passage of the cloud had
to be made. This requirement was met by dropping a second group of FFP’s as soon after ces-
sation of fallout as radiological safety permitted; thus, the continuing water dosage was meas-
ured directly. Al FFP positions were to be determined from locally measured drift rates and
{rom two photomosaic maps flown as near zero time as was practicable, one before and one
after the shot.

The only anomalous exposures of FFP’s considered possible were those due to the upwelling
(Appendix F) of contaminated water; however, Wigwam data (Reference 54) indicated that only
about 8 percent of the FFP record would be so vitiated. Therefore, while the FFP's were not
considered entirely essential, they were considered a valuable means of increasing the density
of total dose measurements, They had the additional advantage of late placement, which would
permit adjustment of the final array to suriace winds existing at shot time,

Three additional GITR’s and a number of film packs were installed aboard each of the three
DD’s and the EC-2 in the target array (Figures 1.12 through 1.14}. These shipbeard detectors
were used 2$ correlation points for a detailed radiological survey of these vessels. Predictions
of the total gamma dose at specific locations aboard a DD maneuvering close to similar under-
water atomic bursts could then be made by combining the gamma dose over a sequence of posi-
tions on various isodose contours and by applying the empirical conversion factor for a partic-
ular location aboard the vessel. Such predictions of gamma dose aboard a maneuvering DD
were not undertaken by the project but presumably will be done in the analyses of subsequent
operations.

In addition to shipboard gamma detectors, a number of aerosol collections and test-panel
exposures were made aboard each of the target destroyers. Two smaller platforms were in-
stalled aboard the DD-474 and DD-593 on top of the after stacks, as shown in Figure 1.12;
these platforms were equipped with four open-close collectors (OCC) and a control box {Figure
1.15). Ome larger platform installed aboard DD-582 was equipped with four OCC’s, four always-
open collectors (AQC), two IC's corresponding {o those instalied aboard the coracles, an air-
filtration instrument {A¥I}, a2 wind-speed-and-direction indicator (WSDI), and an additional
GITR (Figures 1.13 and 1.16).

Samples collected by the AFI, the OCC’s and the AOC’s provided information on the fraction
of device deposited per unit area and on particle-size distribution required for interpretation of
the gamma field. The OCC’s were also used to expose test panels, which were later analyzed
to develop betier simulants of fallout originating from an underwater burst. Collections made
by the AFI and the two IC’s were analyzed for physical and chemical parameters of the base
surge. A few additional collections were made simply by placing bottles eguipped with funnels
at certain locations in the array. These so-called funnel samples (FS) were used only for chem-
ical analysis. Measurements obtained from these limited aerosol collections are reported here
only to the extent that they influence the basic gamma-field determinations made by the project.

43



‘(umoys osje sjtod £8Aaans)
£6S-Ud pue yLy-d paeoqe nofe] Juawnajsuy diys yedaey, g1 aandig

A230 NIYW

N Y119 pivoq:inyg

Y19 mog

44

300138 ONILVOIAVN

WUO4IVI4 NNDO WW OF

- A
° */

WrodLvid

SINIOd AJANNS &

’f AIVE W ¥

\ ros WO 108N B

T08iN0D



‘(umoys osje sjutod £aaans) gg6-(Ad paroqe node| juawnajsul diys 19daey, g1y aandiy

NOIC NIYW

\ Y119 pi00QiDS
I Py e
L ]

s w, of s orin,
| -

e -

v L)
v -8
-t -yl -l

Y119 mog /
H119 Hod

N230 JNIONWISHILNS

45

J90I¥E DONIIVOIAYN
WI04iVvId NAD WW OF

wWiaOodlvid

SINIOd AIAUNS & .

L]

XOVd W4

419 103N @

Y119 wopoid “yoe
TowiNOD




“(umoys ospe sputod £aaang) g-03 parvoqe noke) wawnajsur diys jadaey, proy 9anilg

%330 ¥iddn
- A
- - e r - \ - .s
Y2 B . - -y
- - S Y -
- R L
oy w
wem T, "o onas o as G I - fo,
PO | PR AL SR L A e Y e | -
9 . 2
SR [ LA SO
L e
ire & hald . -l
3
oy - L1 N-F'.lhi_lliin PENERY VR I -2 .2 \
oo wa
i) piomsoy \:—_U Hy
Lot ee w2
RN
Lom Yo T
e +
R
wwar
A23q 1vol . T e g . .
BRI 2
T v
R ¢
LEv vy

iwle
M 108 1041807

%230 319Qi1¥s

$INIO4 ATASNS &=
WIVE WHY ¥

O 1IN @

3ISNOH 40 dO1L

46



FigT
] !
-= 0CCan -.. j --0CC ]
x_z" ' 4‘ V 4— BOAT F.LM PACK
S .
e - PP S8
SAFETY it;-::. i N /

o mil
—~— LALOER
R
et st -
P XK‘IJ‘\?\’ \ e SURVEY POINT
CONTROL BOX SARAS S );I:f 5

Y | .4 !
’ '*:i m ;v—] R

“
\.d-'Tfﬁ Stacx
Figure 1.15 NRDL instrument platform
aboard DD-474 and DD-392.

/ FLATEQR N

/ /nnn
/ i
27 GUK DREZTOR T INCM AR LINE
/ FRIM STORDGE TANK
! f ' \ w50
PR :
[ " ""%
-
SAFETY mAIL— . MANITQUT-KIR O'STRIBUTION SUTILITY DUTLET
N t
\ PORT sTen
Fi M PACX FiLM PACK
£} SURVEY POIRT o

so¢ PORY : sTaD [Y-14
< I .

|2
; .

N

' B50C0QO000T
| Q000000000

%)
L
\\lJUNCWOM POINT- 65Y. DC and EGB G LINES
L m——
(%]

O

p—

j» “eventeniuiimonie b

DRESTION OF
5

IS

s [ emmanaad

'
AJC PLATFESRM CONTRDL BOX i acc

° -]

Lo uTTY ouTLET REMOVAB E SAFEYY Rary
e
y \
e s eneve e s as

EQUIPMENT STORAGE BOX

S
|J

Figure 1.16 NRDL instrument platform aboard DD-592 {collecting areas shaded).

47



Chapter 2

PROCEDURE

2.1 GENERAL OPERATIONS AND SHOT PARTICIPATION

The project participated in two scheduled underwater detonations in the Hardtack series at
the Eniwetok Proving Ground (EPG): Shots Wahoo and Umbrella.

Operational limitations on accuracy of placement and conflicts with other elements of the
total shot array necessitated modification of the idealized station array presented in Chapter 1.
As originally planned, 21 coracles were placed for Wahoo; but, on the basis of Wahoo experi-
ence, the Umbrella array was modified to include 26 coracles and one skiff armed and placed
hy SI0. The coracle stations placed by the project, together with the instruments installed in
each, are tabulated against their nominal positions in Table 2.1 and plotted in Figures 2.1 and
2.2. The estimated positions of all elements moving after the detonations are also plotted in
these figures; however, throughout the remainder of this report, all coracles and all collections
or records obtained abcard them will be referred to by means of the nominal position designa-
tors used in Table 2.1 regardless of later position. The coracle stations were supplemented by
additional instrumentation installed aboard all major target vessels and by approximately 70
FFP’s distributed throughout the fixed array.

Since climatological averages (References 26 and 27) indicated that surface winds tended to
shift to the right during the May-June season, the station array for both Wahoo and Umbrella
was skewed to the right of the downwind leg that had been selected by Joint Task Force 7. Deep-
anchoring was required for all 21 coracle Wahoo locations, whereas only 5 Umbrella locations
required such mooring. The remaining Umbrella stations were anchored by standard naval tech-
niques in depths not exceeding 30 fathoms. Experience during Operation Redwing (References
55 and 56) had shown that properly installed deep-anchors could be relied upon for the mooring
of skiffs. This fact was most definitely borne out by the Hardtack experience, since only 1
deep moor in 30 failed because of inherent defects, viz, a leaking fiberglass subsurface buoy.
No coracles were lost during the entire operation, although two broke free due to chafing of the
surface pennants.

All deep moors were placed by the USS Munsee (ATF-107), which had been specially equipped
with a Markey hydrographic winch and AN,/UQN-1DB sonar sounding equipment modified to have
a continuous {athometer scale from 0 to 1,200 fathoms. No difficulty was experienced in over-
the-side handling of coracles in seas up to Class 5 (winds 17 to 21 knots, waves pronounced and
long with white foam crests). An entire deep moor could be placed in about an hour starting
{rom the time of the ATF’s approach. A maximum of six deep moors could conveniently be
placed in 2 normal working day; however, the actual placement of deep moors was controlled
by the Task Group 7.3 mooring schedule for placement of the major target elements. The as-
sistance of one LCM was required for the placement of coracle moors in shoal waters inside
the lagoon. A maximum of eight such shallow moors could be placed in a normal working day.
After surface currents were measured in the area, placement of the deep moors for Wahoo
commenced on 16 April 1958, Placement of deep moors and lagoon anchorages for Umbrella
was started on 27 May. Both areas were completely cleared of all remaining mooring compo-
nents by 12 June. During this 60-day period, the USS Munsee was used by the project on nearly
continuous assignment. '

Concurrently with mooring operations, all project instruments were bench-checked and in-
stalled in coracles at the beach work area (BWA) on Parry Island. For Shot Wahoo, placement
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of fully instrumented and armed coracles began on D—4 days. For Umbrella, placement of
partially armed coracles began on D—5 days, with final arming being accomplished after the
last test signal on the afterncon of D—1 day.

Although line-of-sight radio signals had been thought necessary, all stations received radio
signals with antennas placed 6 feet above the ocean surface. Installation and maintenance of the
additional instruments aboard the major target ships were accomplished by a special crew using
available shuttle services. Thus, no special logistic support was required for this phase of the
project.

One FFP practice run, including the camera aircraft assigned responsibility for photomosaic
coverage, was performed to gain operational experience in FFP placement, location, and recov-
ery. On the basis of this experience, the operaticnal procedure for Wahoo was planned. This
plan was modified for Umbreiia to include helicopter pickup of all FFP’s, coupled with radar
location of all positions before and after the shot.

2.1.1 Shot Wahoo., The placement of deep moors for Shot Wahoo, beginning on 16 April, pro-
ceeded slowly because of unavoidable delays caused by high winds and difficulties Task Group 7.3
was having with the mooring of the major target ships. By 29 April, 5 moors had been placed;
by 8 May, 12 moors; and by 14 May, all moors except D 4.8 and D 8.0, which had to be withheld
until DD-592 was placed in the target array. Final arming of coracles could not commence until
11 May (D-5) because Edgerton, Germeshausen and Grier (EG&G) was having difficulties with
radio-signal transmission. Final arming of coracles therefore was accomplished according te
the following schedule:

11 May DL 12.0, DL 18.3, D 23.1, DR 24.0, CR 6.4;

12 May CL 8.9, CL 4.6, DL 7.1, DRR 6.8, CR 4.1;

13 May U 4.5, D 14.4, DR 4.5 (operationai difficulties precluded further arming);

14 May U 3.2, DR 8.0, DR 14.4, DRR 12.8, CR 5.2; _

15 May U 4.0, D 4.8, D 8.0 (last two positions required both placement of moors
and arming).

Shortly after 1600 on 15 May {D-1}, 2n accidental radio signal triggered all coracles, thus
canceling participation in the shot unless re-arming could be effected. The project therefore
attempted an emergency re-arming operation the night of D—1., A priority list for the re-arm-
ing of coracles was established, and *he USS Munsee, which was working the array at the time
of the accidental signal, was instructed to pull and re-arm coracles without interruption. Al
available project personnel, plus volunteers from Project 2.1, SIO, and the USS Hooper Island
(ARG-17) were ferried from Parry Island to the USS Munsee, where they formed three re-arm-
ing crews, which operated continuously until the ship was ordered to leave the array at H-2
hours. During this period of approximately 18 hours, 14 coracles were re-armed; however,
the unavoidable fatigue and confusion that attended this work, combined with the necessity for
rapidity, greatly increased the probability of instrument failure due to arming errors. The
coracles finally re-armed were U 4.5, CL 3.9, CL 4.6, DL 7.1, D 8.0, DR 4.5, DR 9.0, DR
14.4, DR 24.0, DRR 6.8, DRR 12.8, CR 4.1, CR 5.2, and CR 6.4.

At H-5 hours, a crew of five men returned to Parry Island to carry out previously planned
shot day activities. Forty-eight FFP's were dropped into the target array from two helicopters
between H—2 and H—1 hours. No operational difficulties were experienced and all ¥FP drops
were executed as planned (Section A.5). The {irst photomosaic was flown between H-1 hour
and H-15 minutes at an aititude of 1,500 feet, a large number of FFP’s being visible from the -
aircraft. The FFP’s drifted 30 minutes longer than anticipated due to a delay in the shot and
were moved an unexpected distance radially by water waves resulting from the detonation.

At H+1 hour, a second drop of 17 FFP’s was made from an SA-16 aircraft concurrently
with the postshot photomosaic. Also at H+1 hour an PS was recovered from the YC-2 barge
by helicopter and returned to Parry Island for C1* analysis and beta-gamma decay measure-
ments. This helicopter and a second then returned to the target area to spot FFP’s for the
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pickup vessels. The project had personnel aboard the USS Munsee, the USS Mactobi (ATF-103),
and the Task Group 7.4 crash boat (AVR), all of which were assigned to FFP pickup. Although
many FFP’s were seen by both aerial and surface units, only 10 out of a total of 65 were recov-
ered, an effective recovery of about 15 percent. The principal difficulty lay in a fatlure of com-
munication between Rad-Safe control and the task force elements attempting to retrieve FFP’s.
Consequently, ships that were to have recovered FFP's would not enter the presumed radex
area where most of the FFP’ s happened to be concentrated. FFP recovery was terminated at
H+4 hours, since Task Group 7.4 required all spotting helicopters to return to Eniwetok Island
by 1800.

Rad-Safe control permitted D-day entry on DD-593 only; therefore, early recovery was
effected only on this ship. This recovery was performed at H+4% hours, and these samples,
together with aliquots of all sample solutions used in early chemistry were placed aboard the
H+8 hour flyaway (Appendix F). Three coracles were also recovered on D-day by the USS
Munsee. One coracle was overturned, and 10 deep moors were parted by the detonatior. (Sec-
tion 2.3.2). All moocrs broke near the bottom; therefore, the coracle drift rates were substan-
tially reduced, which greatly simplified recovery on the following day.

On D+1 day a number of Task Group 7.3 ships recovered all remaining coracles and returned
them to the BWA on Parry Island for further processing. The USS Bolster {ARS-38) recovered
two coracles; the USS Grasp (ARS-24), seven; the USS Mactobi, two; and the USS Munsee, six.
Although these additional vessels were able to perform effective coracle recovery, damage
{particularly to the coracle huils) was understandably increased through the lack of previous
handling experience.

On D+ 1, it was found that radio signals starting project instrumentation aboard DD-474 and
DD-592 were not received because of a failure of ship’s power; therefore, minimal data was
obtained from these ships. Since the target ships were being towed into the lagoon, all project
operations aboard were suspended until they were reestablished at their lagoon moors.

On D+2, the project performed a complete recovery and survey of all target ships. Com-
plete stripping of coracles was started at the BWA, all samples being processed through the
Sample Recovery Center (SRC) established near the Parry Island airstrip to maintain proper
contamination control and to insure proper logging of all pertinent data.

During the interval between shots, all coracles and instruments were overhauled, recali-

contamination was necessary. All GITR detectors were recalibrated on a radiation range
established on Parry Island. All IC trays were counted in an end-window gamma counter as
soon as they could be recovered, decay was followed on a few trays, and the remaining trays
were returned to NRDL for further analysis. The GITR tapes from the coracles and the ships
were read out on an electronic readout device (GITOUT), a procedure of several weeks’ dura-
tion. Site chemistry was limited to beta and gamma decay measurements, and to C1® analysis
of early fallout samples and cloud samples obtained for the project by Los Alamos Scientific
Laboratory (LASL). All further analytical work was performed at NRDL. Project instrumen-
tation aboard the major target ships suffered only minor damage and was overhauled in situ

with the exception of the GITR detectors, which were removed for recalibration on Parry Island.

2.1.2 Shot Umbrella. The placement of deep moors for Shot Umbrella commenced on 27
May. By 31 May, the 5 deep moors and 12 of the lagoon moors had been placed. The remain-
ing moors, including two stations on the atoll reef, were placed during the final installation of
coracles at the moors. During this period, seven lagoon moors had to be replaced because the

.counterweight on the Dan buoy chalfed through the mooring cable. When this trouble was cor-
rected by removai of the counterweight, no further difficulty was experienced with the lagoon
moors. Startng on 3 June, coracles in a pre-armed condition were placed at the moors at a
rate of five or six a day; these stations were later armed by pulling a lanyard attached to a
dead-safe switch that had been installed in the instrument control box after Wahoo.
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Considerable difficulty was experienced by the project in placing anchored FFP's in the array.
Although the anchoring system had been successfully tested in the Umbrella area several times
prior to final placement, only 16 out of 36 anchored FFP’s placed the afternoon of 6 June were
still in position the following morning. The high percentage of failure was probably due to short
choppy seas that had blown up the day before in the Umbrella area. The project redesigned and
remade 36 new anchored FFP’s, improvising somewhat from depleted stocks. On the morning
of D—1 day, the new anchored FFP’s were placed in the array and rematned in position until the
shot. After the fina! test signal at 1340 on D-—1, the project armed zll coracles, using the USS
Munsee outside the lagoen and the AVR inside. All stations except two were armed and ready
by 1800 on D—~1. Two of the coracles had pretripped during placement and were therefore re-
moved from their moors, re-armed during the night, and replaced at their stations the morning
of D-day.

D-day activities were considerably modified from those of Wahoo. Instead of photomosaic
mapping, all preshot positions were obtained by M-33 radar on Eniwetok Island, which ranged
on a spotting helicopter as it hovered over a given station. Postshot positions were obtained
similarly with Mark 23 fire-control radar aboard the USS Boxer (LPH-4) ranging on the Marine
helicopters performing FFP recovery. Also, because of the possibility that a large number of
coracles would break their moors and drift onto the reef, the project had two recovery teams
standing by during the shot; each team consisted of one LCU with a crane aboard, one LCM, and
one DUKW with A-frame carried aboard the LCU. All project recovery was coordinated by Task
Group 7.3 from the CIC aboard the USS Boxer.

At H-2 hours, 14 FFP’s were dropped by the Task Group 7.4 helicopter outside the lagoon
along previously planned drop lines (Section A.3). At H-1 hour, project control of the recov-
ery operation moved aboard the Boxer. The two lagoon recovery teams, the AVR, and the USS
Munsee with another L.CM remained near the Boxer during the shot. At H+ 30 minutes, two
Marine helicopters departed the Boxer to recover the free-floating FFP’s outside the lagoon;
meanwhile, a second drop of self-anchoring FFP's was made inside the lagoon from an SA-16.
Also, two F8's were recovered from the target array by the Task Group 7.4 helicopter and re-
turned to Parry Island for C1* analysis and beta-gamma decay measurements.

Recovery of the free-floating FFP’s outside the lagoon proceeded rapidly and was completed
at H+ 1’/1 hours. The two Marine helicopters then moved inside the lagoon and continued FFP
recovery. Between H+1 and H+ 1‘/2 hours, project crews performed sarly recovery of samples
from the DD-474, DD-592, and DD-533, all samples being processed through the SRC. All ship
samples, together with aliquots of all sample solutions used in early chemistry, were placed
aboard the H+6 hour flyaway. Also at about B+ 11/'2 hours, the two special recovery teams and
the AVR moved into the array to check for drifting coracles and assist in FFP recovery. No
coracles had broken loose from their moors; however, seven had been overturned by the deto-
nation.

At H+ 3% hours, recovery of the coracles began with the USS Munsee operating outside the
lagoon, one LCU and L.LCM team in the north section of the array, and the second LCU and LCM
team in the south section. The AVR and the two Marine helicopters continued FFP search and
recovery, completing this operation at about H+5 hours. By H+7 hours all coracles except
the two reef stations had been recovered, and 63 FFP's had been retrieved. (Task Group 7.3’s
efficient and effective recovery unquestionably increased the value of the data obtained on Shot
Umbrella and i{s greatly appreciated by the project.] Coracles were returned to the BWA, where
pulling and counting of IC trays started immediately and continued throughout the night.

On D+1 day, the USS Munsee, assisted by an L.CM, recovered the two coracles on the atoll
reef and completely cleared the entire Umbrella array of remaining mooring components. Also
on that morning, the project periormed a complete recovery and survey of all target ships.
Complete stripping of all coracles was started at the BWA, and again all samples were proc-
essed through the SRC to'assure both proper logging of data and contamination control. By
1430 of that day the IC count on all 24 sets of trays had been completed, and the trays were
ready for air shipment to NRDL for further analysis.
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On D+ 3 days, the USS Munsee rechecked the old Wahoo array for possible moeoring compo-
nents, and that evening the project indicated that it had no further need for its services. Rollup
proceeded rapidly. By D+5 days, essentially all project equipment, except that used for data
reduction, was packed and ready for shipment.

2.2 INSTRUMENTS

2.2.1 Gamma-Intensity-Time Recorder (GITR). The primary instrument used by the project
was a portable, seli-contained GITR (or std-GITR)}, which represents a further development of
a gamma-detecting instrument used during Operation Redwing {Reference 33). The instrument
{Reference 57) is 16 by 13 by 21 inches high, weighs approximately 55 pounds with power supply,
and consists of the following units: {1} a radiation detector and amplifier with time base, (2) a
recording system, (3) a battery pack, and (4) miscellaneous instrument control switches and
associated circuitry (Section B.1). The detector unit can be mounted either inside the recorder
case or as a separate unit connected with the recorder by a cable not exceeding 25 feet in length
(Figures 1.4 and 2.3). The sensitive element 1s a low-range ionization chamber containing a
concentric, high-range chamber. The common base of these chambers contains the associated
recycling electrometer eircuits.

Both chambers have nearly a 47 response and are independent of incident gamma energy to
within + 20 percent from 100 kev to 1.3 Mev (Section C.1). The discharge of either chamber
fires its associated electrometer, giving a square-wave pulse that is amplified and recorded
on magnetic tape. The transducer automatically recycles to the original charged condition in
approximately 0.5 msec. Each recorded pulse represents an increment of gamma dese which,
by means of time pulses indicating tape speed, can be converted to dose rate. The dose incre-
ments from the two chambers and the time base are recorded as three channels of information
on a ¥;-inch magnetic tape.

One of two types of tape transports can be coupled with the basic transducer unit, thus giving
two instruments: one with a tape speed of 0.25 in/see¢, giving 12 hours of operation with a range
of 10 mr/hr to 10° r/hr; the other with a tape speed of 0.05 in/sec, giving 80 hours of operation
with a range of 10 mr/hr to 2 X 104 r/hr. All GITR’s were actuated by a signal from a trigger-
control box and shut themselves off automatically when the end of the tape was reached.

On a coracle installation, the detector was housed inside a watertight, 14-gage aluminum
case mounted directly on the deck {Figure 1.4). All coracle recorders were the 12-hour type
and were mounted below the deck in the instrument well. This mounting arrangement was
selected after experimental checks of directional response with the detector mounted inside the
recorder proved to be unsatisfactory. The detector response to known deck activity, as indi-
cated by IC collections, was experimentally determined using exact coracle geometry (Section
C.5).

For Wahoo, all shipboard GITR's were of the 60-hour type to insure a GITR record that
would overlap the planned ship surveys. All shipboard GITR's were mounted with the detector
and recorder installed separately. For Umbrella, two of the GITR’'s aboard the EC-2 were
exchanged for 12-hour types in order to obtain the higher peak dose rate capability of these
instruments. No special determination of detector response to particular shipboard geometry
was attempted, although all locations were specifically selected to reduce anomalous contribu-
tions from ships’ structures.

2.2.2 Underwater GITR. The underwater GITR (UW- or sec-GITR) is a simple modification
of the standard GITR. The basic {nstrument consists of the 12-hour GITR described above with
its detector housed in a deck mounting case idemtical to that used for the std-GITR (Figure 1.4).
The detector, however, was placed on a 25-foot cable and was mounted at the edge of the cor-
acle in a dropping mechanism actuated by a small cylinder of carbon dioxide upon receipt of a
signal {rom the trigger-control box {Figures 1.2 and 1.3). The detectors were so weighted and
the length of cable so chosen that after release they would be suspended approximately § {eet
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below the water surface in the attitude depicted in Figure 1.2. The drop was made after passage
of the underwater shock waves by means of a preset time delay.

2.2.3 High-Range GITR. ASEL Gustave | recorders {(ASEL-GITR) were borrowed by the
project for use as high-range detectors. The units originally designed and built by ASEL were
repackaged by NRDL (Figure 2.4). Because the basic device is described in existing literature
{References 49 and 50), only a brief description is included here. The instrument is capable of
recording dose rates as high as 10* r/hr with a time resolution of 0.1 msec. The gamma inten-
sity record is made on 459 feet of 1-inch magnetic tape, which travels at 60 in/sec, providing
a 90-second record. The basic circuit was modified by the elimination of the cathode follower
originally used between the detector and the amplifier unit. The repackaged instrument is
18 by 16'; by 16 inches high and weighs approximately 110 pounds with power supply.

The ASEL detectors were calibrated on a3 special range set up on Parry Island with a 200-
curie Co® source. ASEL-GITR’s were instalied only on coracles less than 8,500 feet from
surface zero, the recording element being placed in the {nstrument well with the detecting ele-
ments installed on the deck (Figure 1.2). The ASEL-GITR received a warmup signal a{ minus
5 minutes, and a minus-5-second signal to start the rapid tape transport. Both signals were
received from the trigger-controt box.

2.2.4 Incremental Fallout Collector. The incremental collector (IC) has been used on many
field operations and has been frequently described (References 33 and 58 through 60). The cur-
rent instrument was redesigned to reduce the unit cost and to bring the collecting surface as
near the top of the instrument as possible (Figure 2.5 and Insert A of same figure). The instru-
ment is § by 29 by 32 inches high and weighs 95 pounds with a complete set of trays. In essence,
the IC obtains a series of 58 fallout collections over uniform time intervals regulated by the
trigger-control box, Fifty-eight specially prepared trays are placed upon a spring-compensated
elevator platform so that the stack of trays is directly below a sampling port approximately 3
inches in diameter, the top tray being exposed. The trays are then individually indexed onto a
receiving platform by an electrically actuated pneumatic system. The exposure interval planned
for Hardtack was 1 minute, and the instrument was timed and actuated by the trigger-control box.
1C*'s were installed flush with the coracle deck (Figure 1.3) or flush with the general level of the
platform instruments on DD-592 (Figure 1.18).

To reduce shadow bias (Appendix F and Reference 61}, the collecting surface was brought to
within 1/a inch of the top of the instrument. Lucite trays 4 inches square and containing a cir-
cular well, 3% inches in diameter and ¥, inch deep, were used (Figure 2.5, Insert B}. The well
contains several thicknesses of filter paper capped with a perforated 20-mil polyethylene disk.
The polyethylene disk is inserted by rotating it through a key slot in a 1/,3-inch lip projecting
inward from the top of the well; thus, the disk with the filter papers beneath it is held {irmly
within the tray well. The perforated disk was coated with a thin layer of a grease specially
developed for use at the EPG (Reference 33). This grease {s made by adding polyethylene to
Lubriseal (about 3 percent by weight) to raise its melting point to 130° F. The grease was in-
tended to trap solid particulate matter, while the filter paper beneath the perforations retained
the liguid {raction. The trays were designed so that the IC could be loaded or unloaded in a
single operation, which alleviated recovery problems in high-radiation fields. )

2.2.5 Film Packs. A large number of film packs were used by the project on the coracles,
aboard the target ships, and as FFP’s, which were either free-floating or anchored. Regard-
less of the manner in which these film packs were piaced in the array, the basic element con-
sisted of two packets of {ilm piaced inside an NBS holder (Reference 62). This holder was
Sealed inside a piastic cigarette case, which in turn was placed into two independently sealed
plastic bags; this procedure both reduced humidity and oxygen damage to the films and afforded
a rapid means of decontaminating film packs upon recovery. The whole package was then
wrapped in aluminum foil to reduce absorbed heat, since the film used deteriorated under ele-
vated temperatures,
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The NBS holder consists of a bakelite container with an 8.25-mm wall thickness covered
with 2 1.07-mm layer of tin and a 0.3-mm layer of lead. The thickness of the bakelite was
experimentally determined to produce electron equilibrium (Reference 49). The lead and tin
layers act as [ilters, which suppress lower energy components sufficiently to obtain a linear
response similar to the GITR (linear above approximately 100 kev).

In the energy range from 115 kev to 2 Mev, this film pack is considered accurate to =20
percent {References 63 and 64) for the film emulsions tested. Two of the five emulsions
(Dupont 834 and 1280) had not been extensively tested, but were expected to fall within the same
range of accuracy. Two film packets were placed inside the NBS holder, one packet containing
Dupont emulsions 502, 834, and 1290, which provided a combined range of 0.2 t0 2,000 r, and a
second containing Eastman emulsions S0-112 and 548-0 dec, which provided a combined range
of 10 to 100,000 r. Latent image {ading was counteracted by making film calibration runs at
shot time for each shot.

Approximately 20 of the film packs described were placed in holders 3 feet above the deck
aboard each of the target ships (Figures 1.12 through 1.14).

One film pack was taped to each coracle tripod at a height of 3 feet; another was mounted in
an 8-inch-diameter Styrafoam float identical to that used on the FFP’'s and streamed 10 feet
behind each coracle (Figure 1.2).

The remainder of the film packs were placed in the array as either anchored or free-floating
FFP’'s {Figure 2.8). The FFP’s were of three different types, all of which represented minor
modifications of the same basic design. In all types, an 8-inch-diameter Styrafoam float 2
inches thick and faced with two sheets of 10-gage aluminum held the pack. This small float
was designed so that the film pack was supported horizontally just at the water surface and was
connected by means of a 10-foot wire to a second 3-foot-square Styrafoam float, called the FFP
identifier, whose sole purpose was to aid aerial spotting and identification.

This basic unit was variously modified as follows: (1) a free-floating type, in which a stand-
ard 2.5-foot canvas drogue was attached to the identifier by 50 feet of line; (2) a self-anchoring
type, in which a 2.5-pound Danforth anchor was attached to the identifier by means of a ball of
light twine mounted in a cardboard ice-cream carton to prevent fouling as the line payed out;
and {3) 2 second anchored type, requiring installation by a surface craft in which the same 2.5-
pound Danforth was used with 5/32-111ch cable. Both the free-floating and the self-anchoring
types were rigged so that they could be dropped from aircraft. All components were gathered
into a compact package, which was firmly held together by a string harness containing a soluble
link. Within 30 seconds after striking the water, this soluble link dissolved, thus releasing the
harness and allowing either the anchor to drop or the drogue to set itself. The FFP’s were
specifically designed to keep unit cost to a minimum (approximately $30.00 each).

2.2.8 Supplementary Fallout Collectors. A number of supplementary collectors were used
at 2 few locations in the target array. These collectors included an OCC, an AOC, an AFI,
and an FS.

The OCC and the AOC are briefly described together, since the latter {s simply a mounted
collection tray of the formei. Both devices have been fully described in previous reports (Ref-
erence 33). In essence, the OCC is a large splashproof box, 27 by 53 inches by 5 inches high,
weighing approximately 100 pounds and possessing a sliding lid (Figures 1.15, 1.16, and 2.7).
The instrument is designed to withstand peak air pressures of 3.5 psi and will open with a 200-
pound weight placed on the sliding lid. The sliding lid is moved on a roller track by a pneu-
matic cylinder using air at 60 psi and actuated by solenoid valves upon receipt of a signal.

When sampling, the collecting tray is raised ’/z inch above the top of the collector to reduce
shadow bias. The device was actuated by a signal from the platform control box and remained
in the open position untll receipt of a closing signal.

The aluminum collecting tray is approximately 18 by 21 inches by 2 inches deep, weighs 6
pounds empty, and is used both in the OCC and as an AOC. The tray was lined with 2 preformed
polyethylene liner and contained an insert consisting of four sections of aluminum hexcell coated
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with Number 100 black Epo-lux. The hexcell inserts were used to prevent collected material
irom being subsequently swept out by winds and were black to aid in the location of individual
{allout particles, the majority of which were expected to be light {n color. The hexcell was
coated, and the aluminum tray was lined to obtain chemically inert surfaces from which the
fallout material could be easily removed. Uporn recovery, the trays were closed with a pre-
{ormed polyethylene lid over which was placed an aluminum cover; the whole assembly was
then temporarily sealed by means of a gasket of surgical tubing, which was compressed by
external pressure maintained by two cloth cinches (Figure 2.7). The polyethylene liner and
lid were later permanently heat-sealed together. With an aluminum cover banded to the tray,
the sealed assembly could maintain internal pressures of 7 psi indefinitely.

The AFI was installed on the instrument platform aboard the DD-592 (Figures 1.16 and 2.8).
The present model represents the redesign of an instrument used during Operation Redwing
(Reference 33). The original design was modified to obtain a more complete series of fallout
and base surge samples. The instrument used a series of chemical filters so designed that
any large amounts of water arriving with fallout would be immediately removed from the solid
material and stored in a separate water reservoir {(Figure 2.9). Dimethylterephthalate (DMT),
recrystallized into its acicular form, was used as the filter material (Reference 85). Such a
filter had been determined to have a high efficiency {for 0.3-micron-diameter particles and per-
mitted later recovery of solids by sublimation. The filter head is 33/1 inches in diameter
(inside diameter, 3.55 inches), uses a 3j-inch filter bed of DMT crystals, and is known to
withstand very heavy rains (50 in/hr) without plugging or loss of efficiency. The filter also is
so designed that both the solid and the liquid fractions, together with all surfaces contacted,
can be shipped as a single sealed package {(Figure 2.9).

Mechanically, the A¥I can be considered as an assemblage of the following units: the filter
heads and the filter-head-raising mechanisms, the pneumatic system, the vacuum pumps, the
vacuum switching valves, the recording flow meters, and the control box. The instrument has
a series of 30 filter heads, each covered when not actually sampling, and each raised above
the level of the other heads when drawing a sample. All heads sample vertically at a constant
rate of 10 ft%'min. One series of 10 heads sampled in numerical sequence for intervals of 10
minutes each, the entire sequence being started at zero time by the control box. A second
series of 20 heads sampled in numerical sequence for intervals of 2 minutes each, the entire
seqguence being triggered by a preset increase in background.

Flow through the {ilters is maintained by a pair of constant-flow vacuum pumps, which have
a line-vacuum- sensing control vatve to compensate for increases in pressure drop across the
filter due to filter loading. By means of the vacuum-switching valves, this controlled vacuum
is applied only to the chamber containing the water reservoir of the filter actually sampling,
thus minimizing vacuum evaporation of the water fraction. A pair of recording Flow-rators
are incorporated into the vacuum lines of both the short and the long interval filters. The AFI
control box governed and recorded the {iltering sequences and the other instruments on the
DD-592 platform. The activities of all platform instruments including the AFI {low rates were
automatically recorded by the AFI control box, so that all samples collected could be correlated
intime. The AFI control box was in turn activated by EG&G radio signals received at minus §
minutes, minus 1 minute and minus § seconds.

The FS's were installed at various locations aboard barges or on islands and were specifi-
cally designed for very early recovery. They simply consisted of a large polyethylene funnel
(2.8-ft* collecting area), which was fitted into a 2-gallon polyethylene bottle. The bottles were
mounted on top of a 10-foot pipe stand in a special bracket that permitted helicopter recovery.
Helicopter pickup was effected by snagging a 2-foot diameter sphere made of two hoops welded
at right angles., The bottles were set in the previously installed stands just prior to shot time
so that the collection of extraneous material before the shot would be reduced to a minimum.

2.2.7 Instrument Control. All project instrumentation was activated upon receipt of an
EG&G radio signal at the instrument control box (ICB}. This control box, designed for instal-
lation aboard the coracles, started both the standard and the underwater GITR’s, provided
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power and control pulses for the IC, timed and actuated the dropping mechanism for the under-
water detector, and recorded receipt of test signals on a series of mechanical registers that
could be read from a small boat alongside the coracle.

The ICB’s contain their own power supply, are packaged in vaporproof Plexiglass cases
10Y, by 14%, by 12 inches high, and weigh about 15 pounds. The ICB’s receive the minus-5-
minute, minus-1-minute, and minus-5-second signals and are designed for a closed-contact
signal of not less than Y,-second duration. The units have a reset button, which disarms all
latched components and returns all timing devices to their zero position. A cross-reference
time mark is sbtained by blanking the timing pulses on both the standard and the underwater
GITR wmpes upon receipt of a minus-1-minute signal and by reinstating these timing pulses
upon receipt of a minus-5-second signal. By this means, the IC and all GITR records could
be correlated in time. This time-blanking circuit had a backup feature that restored the tim-
ing pulses automatically after 60 seconds in the event of failure of the minus-5-second signal.

Although the ICB register system worked as designed, it could be used only if there were
regularly scheduled timing signal runs. The fact that EG&G sent many hand signals on demand
between the scheduled timing runs rendered the register system entirely useless. After the
accidental radio signal before Shot Wahoo, the project cannibalized the control box register
and installed a dead-safe switch arrangement with its own batteries and arming light in the old
register housing. This switch completely deactivated the entire coracle system, regardless
of any signals received by the EG&G radio trigger. The coracle was armed by pulling a lanyard
connected to this switch. This modification gave the project partial protection against acciden-
tal firing of the coracle stations; however, if a signal was on the EG&G radio or if any of the
EG&G relays had been closed by jarring, the coracle would fire when the dead-safe switch was
thrown. Three such accidental firings did occur on the final arming run for Umbrella.

2.2.8 GITR Tape Readout. The GITR tape readout (GITOUT) was an electronic readout de-
vice developed at NRDL for converting radiation pulses (Appendix F) on the recorded tapes into
dose rate information (Figure 2.10). The GITOUT employed digital techniques with a digital-
to-analog conversion near the end of the system to give an x-y presentation of time versus data
on graph paper. The system (Figure 2.11) was composed of commercially available components
so that no electronic development was required. The instrument is more fully described in Ref-
erence 66.

Tapes are placed inthe tape transport and are piayad at a speed depending upon the field
resolving-time desired. The information from the timing channel and from one of the radiation
channels is read off the tape and shaped into square-wave pulses. The timing puises are sent
to a time counter, where they are accumulated and converted by an associated printer to an
analog voltage which, in turn, drives the x axis of the plotter. Radiation pulses are sampled
by the other counter at a rate determined by the timing pulses. This counter either accumu-
lates the pulses or resets itself after each time increment, depending upon whether total dose
or dose rate is required. The data counter controls a second printer, which alsc converts the
radiation pulse count into an analog voltage to drive the y axis of the plotter. Log converters
can be inserted between the printers and the x-y plotter to give a log-log or semilog presen:aa-
tion of the data versus time. A digital record of the information can alsc be obtzined directly
irom the printers.

2.3 BPECIAL OPERATIONS

Although only a support activity, the maintenance of fixed coracle stations in deep water
represented a major operational problem. Since the installation of deep moors on the steep
slopes of coral atolls may be again required, a brief description of the specially adapted moocr
employed by the project is given here. Deep-anchoring techniques, developed at SIO (Reference
67}, had been used on a small scale during Operations Ivy and Wigwam but were first used ex-
tensively during Operation Redwing where 13 deep-anchored positions were maintained in depths
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up to 2,500 fathoms for about 2 months (Reference 33). The operational and theoretical aspects
of deep-anchoring have been set forth by SIO in its report on Operation Redwing activities (Ref-
erence 55). However, the anchering problem as it existed for Redwing was complicated in this
operation by the stringent limitations on accuracy of placement, by the fact that mooring had to
be effected on steep bottom slopes (Table 1.1), and by ihe increased horizeontal drag forces due
to the larger sail area of the coracles,

Although errors in placement as large as =} nautical mile could be tolerated on past opera-
tions, a consideration of predicted radiation fields (Reference 22) and cloud diameters (Refer-
ence 17} for Operation Hardtack indicated that on each event approximately 70 percent of the
total coracle array had to be more accurately located. Despite operational limitations on the
accuracy of placement, the project attempted to keep the placement error within + 300 feet, an
error representing nearly half the predicted distance between upwind and crosswind isodose
contours (Appendix F} differing by ore order of magnitude. Other factors requiring high accu-
racy of placement were the estimated arrival time of the base surge, which influenced the
dropping time of the underwater detectors, and the predicted magnitude of underwater snock
(References 23 and 68 through 70).

Consequently, the nominal positions shown in Table 1.1 were intended to represent the actual
position of the coracle relative to surface zero, and not the peoint of contact of the moor with the
bottom. Therefore, the excursion of the subsurface floats was calculated, using experimentally
determined currents for the area in question, and the probable position of the coracle relative
to the subsurface float was estimated from known coracle parameters. The most desirable
point of bottom contact was thus estimated and used in the installation of the deep moors.

2.3.1 Calculation of the Deep Moor, Briefly, the basic principle of deep anchoring is the
reduction of the horizontal excursion of the moored element by the application of vertical ten-
sion to the mooring cable. Cable tension is obtained by means of a submerged float placed so
that the orbital motion is less than 1 percent of the surface waves.

The buoyancy of this fleat is adjusted so that maximum cable tension is obtained without
reducing the net reaction of the anchor with the bottom below the total horizontal drag forces
for the complete system. DBuoyant mooring lines are used above the subsurface float to damp
periodic motion due to surface waves and to reduce abrasion at the junction with the surface
element. The entire system is determined by a series of graphical approximations, and the
exact excursion of the submerged float is determined by iterative vector addition from the
bottom to the surface.

All proposed deep moors for Hardtack were therefore calculated using known coracle char-
acteristics and the following regional information:

1. Bottom: On the ocean side of Eniwetok Atoll, the steeper portions of the atoll slope are
hard, barren, coralline ridges whereas the flat plateau extending southwest is thinly covered
to a depth of about 2’/2 feet with coral sand and debris interrupted by occasional large coral
blocks fallen from the atoll slope (Reference 71). Neither surface affords sufficient loose
bottom material for a Danforth anchor to develop maximum holding power. The coralline
ridges run at right angles to the normal direction of wind and current in the region, however;
thus, considerable holding power due to fouling was expecied. The lagoon bottom was assumed
to be the usual thick covering of foraminiferal debris dotted with occasional coral heads.

2, Currents: Normal surface currents in the area were assumed to be 1 knot in the Wahoo
target area and 0.4 knot in the Umbrella target area {Reference 53). The idealized subsurface
currents used are given in Table 2.2, Tidal currents were not considered in the calculations,
since all proposed mooring sites were sufficiently distant from the shoreline.

3. Wind and Waves: Surface winds of 15 to 25 knots are considered normal to both target
areas at the time of the proposed shot schedule. Ocean waves in the lee of Eniwetok Atoll were
expected to range between 3 and 8 feet in height with periods from 2 to 9 seconds {Reference 53}.
Long swells reaching the atoll from southern winter storms were not considered important.
Wave conditions within the lagoon were expected to be worse because of a short chop with heights
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TABLE 2.2 ASSUMED SUBSURFACE CURRENTS SOUTHWEST
OF ENIWETOK ATOLL

Derived from the 510 survey of 1736.

Depth Current

ft ft. sec
0to 150 1.6%
150 to 300 1.39
300t 450 1.13
439 to 600 0.92
€00 10 730 0.73
TS0t w0 0.63
any w 1,056 5.5%
1.030 to 1,206 0,48
1006 to 1,350 .42
1,355 (o 1,500 .35
1,004 %0 1,830 .27
Beow 1,630 G20

TABLE 2.3 ESTIMATED DRAG FORCES ON CORACLE STATION AXD ON DEEP MOORING COMPONENTS

Coracle Station Deep Mooring Components {1,200 fathoms}
Cab!l Nyi i
© Water Drag Wind Drag Shack :» and Submerged ;i}.\'—T:ChLme ??ri:?e&, Fl?;t
(1-knot 15-knot 20-knot 23-kmot oo ooo an Float 2 o7 By Smin
clamps incis diameter plastic)
current} wind wind wind . Diameter Drag
Diameter Drag Drag Drag
b Ib 1b b in 1k fi b ib b
Minimum 0.23 1.3 2.0 3.2 ‘/, 12.9 2.5 2.0 14,5 * 2.5 each™
Maximum 30 26 45 6 ‘/;, 13.6 2.8 2.3 14.7* 2.5 each*
Y 18.2° 3.0 2.7 14.74% 2.5 each*

* Estimated total drag for buoyant line with five {leats and di sconnect linkages = 29.2 pounds.

TABLE 2.4 ESITMATED EXCURSION AND DEPRESSION OF 1,200-FATHOM MOOR

Cable Submerged Gross Net Calie Excursion Depression
Diameter Float Buoyancy Buoyancy Tension Minimum Maximuoi  Minimum Maximum
Diameter of Float of Float at Anchor

in ft i) ) tb fu fu ft 7t
A 2.6 587 487 284 600 2,500 28 475
4 2.8 733 633 430 450 1,800 14 200
a 3.0 300 800 598 350 1,400 9 125
by 2.6 587 487 148 975 3,125 78 750
Y 2.8 733 833 308 825 2,223 43 350
33 3.0 900 500 474 430 1,625 21 225
i 2.6 587 487 59 1,950 4,800 428 1,778
Yo 2.8 723 832 205 900 2,800 125 850
e 3.6 300 800 313 600 1,900 90 325

TABLE 2.5 ESTIMATED EXCURSION AND DEPRESSION OF 400-FATHOM MOOQOR

Submerged Gross Net Cabie
Cable Excursion Depression
Float Buoyaney Buoyancy  Tens:on - —— - - -
Diameter  n . reter  of Fioal  of Floal at Apchor  Jimam  Maximum Minmum  Muxmum
in ft B ) in fi 3 r fl
i 2.6 587 487 338 236 T30 14 87
s 2.8 733 635 344 139 525 5 65
t 2.0 %00 860 Ti2 125 400 3 34
Yy 2.6 587 487 365 200 7 19 129
r 2.8 ™ 633 311 173 550 5 74
s e 360 800 679 130 . 430 s 42
" 2.6 587 487 336 250 800 12 136
:“ 2.8 733 633 476 173 800 10 73

o 3.0 900 800 644 125 425 6 33




to 6 feet. The most Severe waves expected were those generated by the underwater detonations
themselves. The forces on the moor {from these waves were calculated, using the wave heights
and velocities estimated in Reference 21. '

The required depth for the subsurface float was determined by calculating the orbital motion
of normal surface waves at depth using the formulas (Reference 72):

Hd - H¢ e_ (2’."d/L)

and

= & m2
L—ZFT

where Hy is the diameter of the orbit at depth d; Hy is the height of the surface wave from
trough to crest; L is the length of the wave from crest to crest; g is the acceleration o1 grav-
ity; and T is the period of the wave. Thus, for periods of 2 and 9 seconds, the depth at which
the orbital motion is 1 percent of surface {s approximately 60 and 300 feet, respectively. A
-depth of 150 feet for the subsurface float was selected as the best compromise between expected
extremes. Although the hydrostatic pressure at this depth is relatively Insignificant, calculated
overpressure due to the detonation required that close-in subsurface floats be capable of with-
standing pressures of about 2,000 psi. The maximum capability of the floats finally used in
these locations was calculated to be 1,450 psi, using a modified Timoshenko formula. This
strength proved sufficient.

To maintain 2 deep moor con either a sloping or a flat bottom, the weight of the anchor used
by SIO (Reference 55) was doubled. The maximum horizontal force Fy that can be sustained
by the deep moor may be expressed as a function of the anchor weight in air W, as follows:

Fg = (bW - T) cos ¢ ({ cos 9 — sin @)

where b is the buoyancy fzactor characteristic of the anchor material; T is the vertical compo-
nent of tension in the mooring cable; # is the angle of the bottom; and f is the coefficient of
friction. Assuming an angle of friction of 45° this maximum force was calculated for iron and
concrete weights on a number of bottom slopes (Figure 2.12). At the cable tensions and anchor
weights used (tension approximately 500 pounds, anchor weight approximately 1,500 pounds in
air), the difference in density between iron and concrete permits a smaller weight of iron to

be used for a given bottom reaction. Furthermore, the compact shapes obtainable with iron
weights permit greater lowering speeds.

Both minimum and maximum values for wind and water drag forces were calculated for the
coracle. The maximum case for water was calculated, using the profile drag coefficient for a
flat disk whose diameter was equivalent to the coracle diameter at the waterline, and the pro-
file drag coefficient for a flat plate was used in calculating the maximum case for air. These
maximum and minimum drag forces on the coracle, presented in Table 2.3, bracket those ac-
tually observed for the winds or currents encountered (Figure 2.13). Similarly, the expected
drag forces on various possible mooring components were calculated for the assumed surface
and subsurface currents and are also summarized in Table 2.3. The maximum and minimum
excursions were then determined for a number of possible moors and are tabulated, together
with the approximate subsurface float depressions, in Tables 2.4 and 2.5. A safety factor
greater than that employed by SIO (Reference 55) was incorporated in the specified mooring
cable, since calculations showed that this increase was possible without materially altering
drag forces or cable costs.

Selection of the firal moor répresenied a compromise between various opposing factors as
demonstrated for a 1,200-fathom moor in Figure 2.14. The final system is schematically rep-
resented in Figure 2.13. In brief, the specifications for the major components are from the
bottom up: 2 hottom detecting device (SIO drawing E-834), a No. 16 grapnel, a 1,500-pound
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anchor made of two railroad wheels, a ll,é-ton =wivel, a wire clamp (81O drawing A-832, X
dimension = 0.144 inch with a tolerance of + 0.000 to — 0.002 inch), a length of ® 5-inch-
dizmeter cable determined by the depth of the moor (guaranteed ultimate tensile strength 3,300
pounds), a second wire clamp, 15 feet of ""/,G-inch-diameter wire rope, a second 1%;-ton swivel,
a subsurface float of net buoyancy determined by the depth of moor, 300 feet of ’/z-inch nylon
line with 5- by 9-inch plastic floats as required. No attempt was made to insulate the various
components of the moor electrically. The deep moor is described in greater detail in Refer-
ence 73.

Since little advantage could be gained through applying deep-anchoring techniques to the
shallow anchorages required for placement of coracles within Eniwetok lagoon, all such cor-
acles were moored to Navy Dan buoys by 150-foot pennants. This type of mooring is a stand-
ard Navy procedure requiring no special theoretical considerations. The major components
of the moor from the bottom up were: a 25-pound Danforth anchor, 30 feet of ¥j-inch chain,

a 15-pound concrete clump, 5 feet of %-inch chain, a length of Ef-'B-inch-t.'I-iantuater wire rope
dependent upon depth, and a standird Navy Dan buoy.

2.3.2 Properties and Placement of Coracles. Operational experience with the coracles is
reported in detail in Reference 73 and is, therefore, reviewed only briefly here. About an
hour was required for installation of a complete deep moor, starting from the time of the ship’s
approach run on a desired location. Coracles could be handied over the side, using the ATF
ship’s boom if proper precautions were taken to protect the coracle from swinging against the
side. The accuracy of coracle placement was principally limited by the accuracy of the ship’s
navigating equipment at short range. For Wahoo, the placement accuracy for stations within
10,000 {cet of surface zerc was approximately 300 feet. Stations beyond 10,000 feet could be
placed within an ellipse with a 800-foot minor axis and a 1,000-foot major axis parallel to the
downwind leg of the array. The observed coracle excursions were within the calculated limits.
No variation with tide was discernible. The direction and extent of the observed excursions,
however, appeared entirely random; therefore, recalculation of the point of contact with the
bottom to effect more accurate station positioning was not possible. For Umbrella, an accu-
racy of £200 feet was obtained for all positions.

The coracle locations reported in Table 2.1 and plotted in various figures throughout this
report were determined from an analysis of photomosail maps made at approximately H-1
hour and H+ 1 hour for Wahoo and by means of a2 series of pre- and postshot radar fixes for
Umbrella. Although 11 coracles for Shot Wahoo were found drifting, their positions during the
time of principal interest did not change more than about 300 feet. The drift rates for coracles
dragging their moors may be estimated from Wahoo recovery data presented in Table 2.6 and
the observed drift rates presented in Figure 2.16. Estimated positions for drifting coracles
are plotted for the first 6 hours after zero time in Figures 2.1 and 2.2.

During Shot Wahoo, roughly 70 percent of the deep moors failed. Of the 20 moors in posi-
tion at the time of detonation (2 were without coracles), only 7 at the more distant loca-
tions survived. The relatively slow drift rates observed indicated that most of these coracles
were dragging the greater portion of their mooring cable; therefore, it was presumed that
failure occurred near the bottom. At no time was there any evidence of dragging anchors.
Because of limitations on time, only one broken moor (DL 12.0) was completely recovered.
Inspection of the cable revealed a pure tension break at a depth of 5,000 feet with no sign of
kinking, corrosion, or abrasion. Failure of the moor at DL 18.3 was undoubtedly caused by
damage incurred prior to the shot, during a collision with one of the target vessels as it was
being towed into its final position. The reasons for failure of the remaining moors cannot be
precisely determined because of the lack of detailed information. Strain on the cable due to
waves or submarine avalanches caused by the detonation do not appear sufficient to have caused
failure. At locations closer than 3,500 feet, the violent upwelling of water after the detonation
may have created radial currents along the surface of sufficient magnitude to cause failure.
The drag due tc the coracle alone in a current of 10 knots would be 3,500 pounds. However, on
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TARLE 2.6 CORACLE RECOVERY DATA, SHOT WAHOD

Puosition at Recovery

. Bearing Diswanee Estimated Time

Nominal From From Recovery Time of Failure Remarks

Position Surtface Surface Wire Pennant

Zero Zero
deg (irue) date time date time

U 3.2 Alongside EC-2 17,1501 16,1330 - Arrived at EC-2 approx-
imately D + 1%, hours

Ui 257 O nomi. 17°1225 16 133¢ 1770300

CL 3.8 246 5, oo mu. 1171440 151330 -

CL 1.6 151, §.600 & 17 1604 - -

DL .1 232 7,100 1 171617 - -

DL 12.0 240 T momil. 1771403 16,1330 -

DL 153 253 15 n. mi. 17,1105 - 16,2130 Failure due w collision
with TG 7.3 vessel on
D—1 day

D 8.0 258 4% nom. 17.'16335 16-1330 - Hung up near bow of
DD-593 for approxi-
mately 10'} hours

D 231 249 23,100 ft 171418 - -

DR 4.5 256 24, 0. mi. 1771135 161330 1671530

DR @.0 Alongside ¥C-9 1771400 16,1330 - Arrived at YC-S no
eariier than D - 4 hours

DR 14.4 265 14,400 £ 1771420 - -

DR 4.0 263 24,000 ft 17 1830 - -

DRR 6.8 Alongside YC-8 1771400 16,1330 - Arrived at YC=8 no
eapier than I + 8 hours

DRR 12.8 278 12,800 ft 17.°1405 - -

CR 4.1 285%) 7,800 ft 17/1425 16./2140 -

CR 5.2 332 5,100 fr 17/1501 - -

CR 6.4 291 13,600 It 16/1836 16/1330 1671730

TABLE 2.7 TIME OF ARRIVAL OF DEVICE-GENERATED WATER WAVES AT STATIONS

Calculated from Reference 74. Underlined times indicate the highest wave when given.
(D) = a drifting coracle. (CO 1.1 miny = an overturned coracle with estimated time of
overturn. When n¢ GITR record was obtained this estimate cannot be made.

Time of Arrival (sees)

::::f:; First Second Third Fourth Remarks
Wave Wave wave Wave

Wahoo:

U 3.2 48 0 91 108 ¢}

U 4.5 53 80 103 121 [1o)}

CL 3.9 32 75 a7 114 D}

CL 4.6 55 81 104 122

DL 7.1 69 102 128 150

D 8.0 T4 109 137 160 o))

DR 4.5 55 80 103 121 D}

DR 9.0 79 118 145 171 D)

DER 6.8 61 100 125 147 o

CR 4.1 53 7 a9 i16 D, CO 1.1 min)

CH 5.2 59 87 1 130

CR 6.4 &5 L 122 142 o)

Umbrella:

U 1.8 28 55 80 {CO 1.5 mini

R 41 68 a1

U 3.9 58 83 107

CcL 3.1 _id 70 95 (€O 1.5 mim

cL 4.0 58 83 147

CL &G 86 108 131

DL 6.2 33 i3 137

D27 41 1) 92 €0 2.4 min

D 4.8 % 89 112 (CO 1.5 min)

D 6.5 93 113 137

DR 4.5 85 T uz (€O 1.0 minm

DR 7.5 a3 13 137

DRR 3.9 58 83 107 (CC 2.5 mim

DRR 6.7 93 113 137

CR 2.7 34 70 a5 (€O ?, no GITR:

CR 4.9 58 83 107

CR 6.8 86 108 131
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the basis of available photographic information, these surface currents cannot even be extended
to the closest coracles. Although the reason remains unknown, failures under similar conditions
in the future can probably be prevented by using heavier mooring cable; cable diameters as
large as Y inch can be used without greatly increasing horizontal drag forces.

During Shot Umbrella, none of the moors failed; however, seven of the close-in coracles
overturned shortly after zero time. The precise reason for capsizing also remains a subject
for speculation. Device-generated water waves do not appear sufficient as a single agent. The
force on a coracle in a horizontal attitude, due to the 100-knot water-laden winds observed
near suriace zerg, was estimated to be about 160 pounds. Increasing the water burden from
an assumed 3 to 100 gm/#? of air and increasing the sail area to that of a coracle rolled 30° to
the horizontal raises this force to about €80 pounds. A force of this magnitude, if properly
applied, is capable of overturning a coracle. Without experimental measurements of metacen-
tric shift at high angles of inclination, a precise approach to this problem is not possible. Tt
seems unlikely, however, that the proper conditions for coracle overturn due to base surge
iorces alone could have been reached. Perhaps, such base surge forces operating in conjunc-
tion with the turbulent water conditions existing inside the foam ring could have been sufficient
for capsizing.

If, in spite of the previous discussion, device-generated water waves are assumed to be the
reason for capsizing, their arrival times at the closer project stations have been calculated
using data presented by SIO in Reference 74 and are given in Table 2.7 for comparison with the
estimated time of overturn. Sometimes the time of overturn may be estimated from the GITR
record {Section 3.3.2). 1In about half the cases a sharp decline in the peak dose rate is roughly
coincident with the calculated arrival of the device-generated waves, but the later GITR record
does not appear to be that of an overturned coracle. Sharp decreases in dose rate could also be
the result of a rapidly transiting radioactive cloud. Inspection of the preliminary photographic
information appears to support this latier hypothesis. The estimated times of coracle overturn
have been arrived at through a careful comparison of all gamma records along a2 given line of
radial expansion and all currently available photographic information. In any eveni the estimated
times of overturn appear to be so late as to preclude action of base surge drag {orces.

®
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Chapter 3

RESULTS AND DISCUSSION

3.1 GENERAL DESCRIPTION OF THE DATA

In any consideration of the results presented in this and Iollowing chapiers, a number of
points should be borne in mind. Because of the nature of weapon-effect tests, investigations
in the {ield musi be conducted for single shots fired at a time that may not be convenient to the
individual project. This condition is not conducive to precise work, particularly in situations
requiring the maintenance of numerous stations over large areas of deep water, a situation
peculiar to this project. These difficulties were further augmented by the fact that little con-
crete information on the complex gamma fields associated with underwater nuclear detonations
existed during the planning and cperative stages of the project. Nevertheless, the data obtained
and reported here, when taken as a whole, exhibits a degree of internal consistency that is sur-
prising considering the conditions under which it was collected. This consistency suggests
greater reliability than that indicated by the stated limits of accuracy that were established on
the basis of maximum possible experimental error.

Since, however, so little is currently known about gamma fields associated with underwater
nuclear detonations, some data that might otherwise have been omitted has been purposely in-
cluded. To interpret such data, the treatment has in some instances been carried beyond that
warranted by statistical reliability. Special corrections have been applied, and certain portions
have been emphasized on the basis of an intimate knowledge of conditions existing in the field.
This extended treatment is based on the assumption that an estimate by persons completely
familiar with the project is better than no information whatever. In all such cases, the uncer-
tainties and assumptions are fully stated in the body of the report. The unmodified data is
presented in Appendix D.

It should be reiterated that in monst instances the data contained in this report is considered
sufficient and presents a consistent and logical picture of both shots. All material contained.
in this report was obtained at fixed locations within the specific radiclogical environments g+ :-
erated by the two underwater nuclear detonations documented; therefore, its extension to other
devices and particularly to moving sbjects must be performed with special caution.

During Shot Wahoo, the project recovered an estimated 60 percent of the maximum possible
coracle data. This general index of success was arrived at by weighting each instrument ac-
cording to the relative importance of the data it obtained. Using the same arbitrary system of
evaluation, the project also recovered about 80 percent of the maximum possible data from the
target ships. These [ow figures are primarily due to the accidental firing of all coracles on
D-1 day, to the limited number of FFP’s recovered, and to a power failure on the DD-474 and
DD-392 prior to the shot——all of which were beyond project control. Nine out of the 12 c¢ritical
stations re-armed the night of D—1 showed a high percentage of proper instrument operation;
thus, a fairly complete gamma-{ield history can be reconstructed with the help of photographic
data. Although essentially no significant data was recovered from FFP’'s on this shot, the proj-
ect at least demonstrated that it was operationally feasible to obtain supplementary data in this
manner. All correlation between free-field radiation and that occurring aboard ships must be
based on the EC-2 and DD-593 records supported by film pack information from the DD-474
and DD-592,

An estimategd 80 percent of the maximum possible data from the coracle and FFP array was
recovered during Shot Umbrella. Although some project instrumentation aboard the DD-474
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was severely damaged due to shock or base surge action, an estimated 80 percent of the maxi-
mum possible data was recovered from the target ships. Most of the records obtained from
overturned coracles are considered valid, since the most important phase of base surge transit
was often completed prior to overturn and since an apparently accurate although attenuated rec-
ord of airborne radiation fields was obtained after overturn. There was, unfortunately, a high
percentage of instrument failure during Umbrella due to a combination of cable failure and ex-
hausted batieries. Both these difficuities can be partially attributed to the accidental firing
during Wahoo, since the project supply of batteries was depleted and instrument cables neces-
sarily received rough handling under the less-than-ideal re-arming conditions extant on the
fantail of the USS Munsee. Because of these failures, little data exists on the downwind leg in
the neighborhood of the DD-593; however, the highly successful FFP operation permits the
construction of isodose contours in this area. With the help of photographic data, these con-
tours can be used to interpret the DD-593 records.

In summary, the data obtained by the project comprises:

1. Records of the total gamma dose rate as a function of time from unshielded detectors
installed aboard 14 coraclies and 2 target ships for Wahoo, and aboard 17 coracles and 4 target
ships for Umbrella. These were recorded on magnetic tape for a period of 12 hours or longer
after detonation and have an estimated accuracy of +30 percent after correction for detector
response.

2. A series of incremental collections of deposited activity taken at uniform time intervals
after zero time at 11 coracle locations for Wahoo and at 13 coracle locations and 1 ship for
Umbrella. These collections were counted for gamma activity after recovery of the coracles;
however, since the degree of fractionation is largely unknown, the estimated activity at the
time of deposition could be in error by an order of magnitude.

3. Records of the early gamma dose rate as a function of time with high time resoclution
from coracles at 2 Jocations for Wahoo and at 10 locations for Umbrella. These were recorded
with a time resolution of 0.1 msec on magnetic tape for a period of approximately B0 seconds
after detonation and are probably accurate to within 30 percent when corrected for detector
response. T

4. Records of the underwater gamma dose rate as a functicn of time from detectors placed
below the ocean surface at 7 locations for Wahoo and at 4 locations for Umbrella. These
were recorded on magnetic tape for a period of 12 hours after detonation with an estimated ac-
curacy of +30 percent after correction for detector response.

5. Total gamma dose accumulated during the radiclogical event measured by film packs at
all coracle locations and at approximately 20 locations aboard each target ship for both shots.
Film pack data was also obtained at 10 additional locations within the Wahoo array and at 62
additional locations within the Umbrella array. The accuracy of the film dose is at least
+20 percent.

Additional samples collected primarily for other projects included total and time-based
fallout collections and exposed test paneis aboard the DD-592 for Umbrella only. Gross col-
lections of faliout deposited on a 2Y;-ft? area were obtained from time of faliout arrival to 1
hour after detonation by OCC collectors, and from time of arrival to time of cessation by AOC
collectors. Standard test panels were exposed over the same time period specified for OCC
collections. A series of fallout collections made at a constant sampling rate of 10 ft¥min were
obtained for a sequence of 10- and 2-minute sampling intervals.

Aboard the DD-583, additional OCC collections and exposed standard test panels were ob-
tained for Wahoo and Umbrelia.

For greater convenience, information on shot yields and positions, together with meteor-
ological conditions prevailing at the time of detonation have been obtained from the best
available sources (References 75 through 81) and are summarized in Table 3.1. Similar
data for Shots Baker and Wigwam and a summary of attendant radiation phenomena are
presented in Appendix E.

" Page 78 was deleted






3.1.1 Data Reduction. A discussion of data reduction is presented here to indicate tae limi-
tations and accuracy of the results. More detailed treatment, if required, will be found in the
particular section dealing with each aspect of the phenomenon. The main body of the Project
2.3 results are dependent upon GITR measurements and.subsequent readout hy the GITOUT de-
vice. Because of the nature of the two shots studied, all other measurements were found to be
of secondary importance. Therefore, matters of principal interest are GITR response correc-
tions, errors and limitations due to the GITOUT, and possible errors due to time resolution,
plotting, and plot-reading procedures.

As described in detail in Section C.1 of this report, the directional response of the GITR
detectors was determined using 2 number of X-ray energies, a Cs'¥ source, and 2 Co®® source
(Figures 1.4, C.2, and C.3). Ali detectors were calibrated before and after each shot, using a
30°-beam, 120-curie cst¥ source, which was directed toward the top of the detector dome (the
direction of the calibrating source is designated as zero degrees in all response plots}). All
components were precisely positioned; thus, the calibration procedure accurately reproduced
detector response to a known source carefully alined with the vertical axis of the detecting
chamber. The high-range chamber showed an appreciable increase in response when positioned
at right angles to the calibration beam; thus, it was necessary to apply a correction factor for
the case of a detector completely surrounded by a radiating scurce.

An integrated detector response was determined by weighting each measured response for a
given 5° segment by the total solid angle subtended by that segment. The reciprocal of this
integrated response thus represented a correction factor that normalized the total response to
unity. Since the maximum roll of a coracle is 45° and since the principal radiating source was
found to be airborne material, the total response for the vertically mounted standard GITR was
numerically integrated over a figure of revolution representing the measured directional re-
sponse from 0°to 1353° Thus, the {actors employed in this report correct for radiation inei-
dent over 3.41% rather than 47 steradians {(a response normalized to 47 steradians would be 1
and 4 percent greater than those reported for the high- and low-range chambers, respectively).

Since the detectors for both the ASEL and UW~GITR’s were mounted with their axes of sym-
metry in the horizontal plane, at least half the effects due to roll would cancel out; thus, cor-
rection factors for these detectors were approximated by those for a 47 response. A weighted
average of the detector response was determined both for the effects of roll and for attenuation
due to the coracle itself in these two latter cases. Both calculations resulted in only small
deviations from the 47 response. Because the UW detector case was wrapped in the instrument
control cable, a 2-percent attenuation factor was applied when it was used as a secondary GITR.
A simple 47 response was employed for the UW-GITR when used underwater.

Correction factors were calculated for each energy for which directional response measure-
ments had been made and were then combined by weighting each factor in accordance with the
gamma energy groupings for instantaneous thermal neutron fission of U*® (Reference 83). The
final correction factors, which were nearly equal t¢ those determined for the Cc% directional
response, are presented in Table 3.2. These correction factors have been applied to all GITR
data presented in this report; the original gamma dose rates may be obtained {rom tabulated
or plotted data by applying the reciprocal of the appropriate factor.

These correction factors are strictly applicable only to the case of a uniform radiating cloud
completely surrounding the detector, a condition that is most closely approximated during peak
dose rates. The actual response of the GITR will vary as the radiating cloud approaches and
departs; however, for the conditions encountered during these events, this variation is always
less than the stated limits of accuracy. Since neither the distribution of radioactive material
within the base surge, nor the velocity of approach is accurately known, no attempt has heen
made to correct for changes in total response due to moving sources.

Although no directional response corrections for source movement were made, the differ-
ences between ASEL and std-GITR dose rate records at early times can be partially explained
by this means {Section 3.2). The differences in detector response during the approach of a
finite source are shown in Figures 3.1 through 3.3, These responses were determined as pre-
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viously described by using the data in Section C.2 and assuming that the total incident rcdiation
was contained within the same angle at each detector. The integrated respense for various as-
sumed angles was then normalized to a response of unity for a completely surrounded detector.
Since the ASEL and sec-GITR response is equivalent to a figure of revolution whose axis is
parallel to the ocean surface, only variation in the horizontal angle subtended by the source
causes a difference in response. Conversely, since the std-GITR response i{s analogous to a
figure of revolution perpendicular to the ccean surface, only variation in the vertical angle
subtended causes a change in response. For greater convenience, the assumed angles have
been converted to the distance at which base surges of various assumed dimensions would sub-
tend a similar angle at the detector, These calculations are presented as alternate scales be-
neath the scale of assumed angles.

The importance of the gamma-intensity time records requires a more detailed description
of the limits of accuracy imposed by the detecting system and readout procedure., The stated
limits of accuracy are =30 percent except at peak dose rate where the accuracy becomes inde-
terminate. Because the std-GITR is a recycling dosimeter, it tends to average out rapid
changes in dose rate. This defect is an essential characteristic of the detecting device and
cannot be rectified; thus, all peak dose rates reported are probably lower than the actual peak
rates by an indeterminate amount. The ionization chambers can respond accurately to dose
rates as high as 500,000 r/hr; however, their associated electrometer circuits begin to intro-
duce appreciable recycling errors at rates above 87,500 r/hr for the 12-hour GITR. In most
instances the GITR record can be used to rates of about 100,000 r/hr with errors ranging he-
tween 2 and 7 percent. At higher rates the spacing of individual radiation pulses on the mag-
netic tape becomes too close for resolution, and the record is said to be saturated.

The information on these tapes is in the form of two channels of radiation pulses (Appendix
F) and one channel of timing pulses. Each radiation pulse on the high-range channel represents
a dose increment of 0.243 r; for the low-range channel the value is one-thousandth of the high-
range increment. The time channel consists of 3 square-wave pulse created by a mechanical
timing motor every 3.75 seconds. Dose rate was obtained from GITR tapes utilizing the GITOUT
in one of two possible ways: (1) the [ixed-interval-counting method, and (2} the time-between-
pulses method. Since the GITR tape transport operates at a nonstandard speed and since the
GITOUT was constructed of standard commercial elements, the slowest transport speed for
readout is 3.75 in/sec or 15 times the speed at which the 12-hour GITR records. Therefore,
when considering GITOUT procedures, a careful distinction must always be made between play-
back time and real time.

The fixed-interval-counting method was used most {requently. The length of the counting
interval is determined by the timing channel, the shortest interval being 3.75 seconds of real
time. During each counting interval, all radiation pulses are summed by a digital counter.

At the end of each interval, the cumulated total is printed out, and the summation operation is
simultaneously switched to a second digital counter so that the tapes can be monitored continu-
ously. Average dose rate in r/hr over a counting interval of 3.75 seconds is obtained by mul-
tiplying the sum of the radiation pulses accumulated by 233 for the high-range channel and by
one-thousandth of this value for the low-range channel. The GITOUT can reproduce dose rates
to an accuracy of £1 radiation pulse per counting interval; thus, the accuracy of the fixed-
interval counting method for dose rates represented by less than 10 radiation pulses per inter-
val is no better than =10 percent.

The time-between-pulse method of readout is highly accurate at any dose rate but has disad-
vantages in that it is more time consuming than the fixed-interval counting method and fre-
quently requires electronic tape stretching. Dose rate is determined directly by measuring
the time required to accumulate the preset dose increments, i.e., 0.243 r or 0.243 mr. Total
running time, however, must now be determined by summing all time intervals instead of
simply multiplying the mimber of intervals by a constant as in the {ixed-interval method. Fur-
thermore a minimum of 200 msec is required to complete any given print-out cycle. As the
dose rate increases, the spacing between radiation pulses on the tape decreases. At the mini-
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mum tape transport speed of the GITOUT, the time interval between successive radiz:: ...
pulses can become shorter than 200 msec, at which point radiation pulses will be lost during
the print-out aperation. Thus, the maximum dose rates that can be read out by the time-
between-pulse method without electronic stretehing are 280 r/hr and 280 mr/hr for the high-
and low-range channels, respectively. Higher dose rates can be read out only after tapes are
rerecorded at speeds higher than those used for the original recording so that the physical
spacing between radiation pulses on the tape is expanded. This process is called electronic
stretching. The tune-between-pulse method was used for all ASEL tapes and on all NRDL
tapes in the 100- to 2,000-r/hr dose rate range where difficulties resulted from the crossover
between the low- and high-range channels. All peak dose rates were measured by a modified
time-between-pulse method in which a sweep-calibrated oscilloscope trace of the radiation
pulses was photographed in the neighborhood of peak and the minimum distance between suc-
cessive pulses converted to peak rate (Reference 66).

The direct plotting capability of the GITOUT was used only to obtain gualitative dose rate
information for the preliminary report ITR-1621). All GITR dose rates reproduced in this
report were obtained by converting digital print-out information into dose rate, which was then
plotted against the total number of counting intervals converted from playback to real time.
For the ASEL records, digital timme~between-pulse information was converted to dose rate us-
ing a calibration curve for each detector (Section C.2). The resulting dose rates were similar-
ly plotted against real time. This readout and piotting procedure is estimated to be within the
stated limits of accuracy.

For the higher dose rates, the time resoclution of radiation pulses is approximately 10
msec on the NRDL tapes, whereas the resolution on the ASEL tapes is £0.1 msec. Although
high resolution is possible between any two events on a given tape, the time of the entire gam-
ma record relative to zero time for the detonation cannot be as precisely determined. The
project received EG&G radio signals at minus 5 minutes, minus 1 minute, and minus 5 sec~
onds, the two latter signals being used to determine time relative to zero time. Accordingto
EG&G (References 84 and 85), the accuracy of these keyed signals is £ 0.05 second relative to
zero time; however, a delay as great as 0.25 second can be experienced between the time of
the keyed signal and closure of the signal relay in the EG&G radio receiver. All delays in the
coracle control box are at least an order of magnitude less than those enumerated. Zero time
for the ASEL tapes was determined on the assumption that this instrument received its start-
ing signal at minus 5 seconds; the accuracy of this assumption is within +0.05 to —0,30 second.
Zero time for all NRDL tapes wis determined by means of a timing blank which started at
minus 1 minute and ceased at minus 5 seconds (Section 2.2.7). Although this procedure syn-
chronized all instruments within a coracle, it did not permit the determination of zero time
with an accuracy greater than +1.25 seconds.

All gamma dose rates were plotted on semilogarithmic paper, and straight lines were drawn
between the points. These plots were later used to calculate the cumulative dose hy a process
of numerical integration. Both the use of semilogarithmic presentation and the construction of
straight lines on such a plot contain inherent errors that depend on the actual} shape of the dose
rate curve. In determining cumulative doses, a linear dose rate function was assumed over
each increment of time. If the dose rate is actually a logarithmic function of time, then the
logarithmic presentation is correct, but the linear averaging technique employed is high by a
factor dependent upon the distance between data points. If, on the other hand, the dose rate is
actually a linear function of time, then construction of straight lines on a semilogarithmic plot
is incorrect and the linear averaging is low by a factor dependent upon the distance between
data points. However, a high density of plotted points reduces the errors inherent in either
assumption. '

For the linear averaging technique employed, the area under the curve can be as much as
30 percent low for a time interval so selected that the dose rate falls exactly midway between
two plotted points a decade apart. If the separation of the plotted points is reduced by a factor
of 10, the calculated area under the curve wowld be 2.4 percent low, with continued increases
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in accuracy for even closer proximity of plotted points. All of the cumulative doses calculated
for this report were received during periods of dose rate high enough to assure a plotted point
density in which the errors inherent in the numerical integration methods employed are less
than 1 percent of the reported value. Care should, however, be exercised when reading low
dose rates from the plots, since at rates less than 0.1 r/hr the plotted point density becomes
low enough to permit significant errors.

3.1.2 Data Obtained From Cther Agencies. Certain additional data was required for the
complete analysis of the radiological environment for Shots Wahoo and Umbrella. Through
arrapgement with the Task Force or through direct arrangements with the supplying agency,
the following data was supplied 1o the project: (1) meteorological records from H-24 to H+ 24
hours, including wind speed and direction, temperature, pressure, and relative humidity from
the surface to 20,000-foot altitude; total rainfall in target area reported for 8-hour intervals
from H-48 to H+72 hours; {2) photographs of base surge position at a number of times after
zero {ime from which the project approximated the base surge and white water boundaries
relative to surface zero: (3} reduced photographic data providing some information on mean
base surge height and radius as a function of time after detonation; (4) coordinates and orienta-
tion of all the major target elements after final placement; and (5) motion pictures of column
and plume development, which permitted the project to estimate plume trajectories.

3.2 EARLY GAMMA RADIATION

Early gamma radiation is arbitrarily defined in this report as the gamma radiation received
within the first minute after zero time. This radiation field may be subdivided into: (1) initial
radiation received directly from surface zero when the explosion bubble surfaces, (2) shine
{Appendix F) received {rom the column or from the base surge during its approach toward a
given station, and {3) radiation received during the {irst minute after the station has been en-
veloped by the base surge. This last category is properly a part of the free-field radiation;
however, because of the continuous nature of the early phenomenon this data is {ncluded here.

The gross gamma records from all coracles and ships showing any record in the first 2!
minutes are presented in this section on an expanded time scale (Figures 3.5 through 3.31).
This data was available from the std-GITR, sec-GITR, and ASEL-GITR. Records obtained
from the same station have heen superimposed for ease of comparison (Figures 3.7, 3.9, 3.13
through 3.16, 3.20, 3.21, 3.23, and 3.25). Although data reducticn procedures are fully dis-
cussed in Section 3.1.1, a few additional comments are required. The ASEL records obtained
from Stations CL 4.6 for Wahoo and D 2.7 for Umbrella had no timing channel; therefore, these
tapes had to be read by means of timing pulses placed on the tape after recovery. This pro-
cedure tacitly assumes that there was no variation in tape speed when the radiation record was
made. Since little variation has been observed in ASEL-GITR tape speeds, this assumption is
considered valid. Absoclute time for these ASEL records was determined by matching them
with the record obtained by the std-GITR at the same location. These and other time adjust-
ments are summarized in Table 3.3.

To avoid misinterpretation of the initial dose rate peak obtained at Stations CL 4.6 and CR
4.1 for Wahoo, both the ASEL and the standard records have been modified to compensate for
the detecting principle employed by both instruments. The dashed line does not indicate a
break in the record but is made necessary by properties peculiar 10 a recycling dosimeter.
For such devices, a sharp peak in dose rate followed by a period of no activity cannot be ac-
curately resolved, although the record is continuous. All dose rates obtained from the tapes
are actually average dose raies assuming constant radiation intensity over the time interval
required to accumulate the basic dose increment for which the {on chambers are calibrated.

If a straight line is drawn from a peak dose rate to a subsequent point representing a much
lower dose rate, the total dose implied by this line requires the presence of a number of addi-
tional radiation pulses within the time interval separating the two peints. Since no such radia-
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TABLE 3.2

SUMMARY OF TIME ADJUSTAMENTS

Nominal
Shot On.“f’a Instrument Time Change Basis for Change
Position
Wahoo CL4.8 ASEL~GITR  Matched with No timing channel.
std-GITR
Wahoo CR4.1 ASEL-GITR Retarded & Matched with s5td~-GITR
seconds record to show first
pulse at known time of
surfacing of exploston
bubble.
Umbrella Ui.8 std-GITH Advanced Matched with ASEL-
3 seconds record.
Umbrelia U2 ASEL-GITR  Advanced Changed so that the time
5 seconds of arrival agreed with
other upwind stations and
with velocity of approach
deiermined from rate of
rise {Section 3.3.4).
Umbrella D2.7 ASEL-GITR Matched with No timing channel.
std-GITR '
Umbrella CR4.9 std-GITR Advanced Matched with ASEL-
2 seconds record.
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tion was observed, a period of greatly reduced radiation intensity is clearly indicated. To
emphasize this reduced rate, the following criteria were used. When the peak dose rate ex-
ceeded the next plotted point by a factor of 10 and the interval between the two points was greater
than 10 seconds, a minimum dose rate Ry, was defined for the interval by:

where Ry is the dose rate indicated by the plotted point terminating the interval and Rpk is the
peak dose rate starting the interval. A point on this minimum dose rate line was then selected
so that the area under the figure formed by connecting the peak dose rate, the selected point,
and the terminating dose rate was the same as thit obtained when the terminating dose rate was
assumed constant over the whole interval. Simple geometric considerations demonstrate that
such a point is uniquely determined. This treatment is admittedly arbitrary, but it at least
approximates the true shape of the dose rate function more closely than the straight line con-
nection, which is obviousiy in error. Although such treatment is also warranted for the other
initial peaks reported, it has not been applied since both the peak rates and the time intervals
involved were small enough so that the additional refinement appeared unnecessary.

The early gamma records presented in Figures 3.5 through 3.31 are in excellent general
agreement. No correction has been made for deposit dose, since this correction may be safely
ignored {Section 3,3.1). The records show a number of initial peaks followed by a period of
essentially no radiation and then by a rapid increase to peak dose rate. The first part of this
increase is always steeper than the latter part. This latter, more gradual rise is undoubtedly
due to the approach of the base surge and its subsequent envelopment of the detector. By
superimposing these early gamma records, it is generally apparent that a similar series of
events occurs during both shots, the Umbrella sequence being about 10 to 20 seconds earlier.

The records obtained from different instruments at the same station show some interesting
differences that are attributed to variations in detector response. The difference between the
ASEL- and std-GITR records at Stations CL 4.5 and CR 4.1 on Wahoo and at Station DRR 3.8
on Umbrella are of particular interest {(Figures 3.7, 3.9, and 3.23). These records show that,
although both instruments record nearly the same peak dose rate, the rise in dose rate record-
ed by the ASEL-GITR always lags behind that of the std-GITR, this effect being greatest for
CL 4.6 and least for DRR 3.9. In the confusion of the emergency re-arming for Wahoo, the
ASEL detectors were erroneously oriented so that surface zero subtended an area of low direc-
tional response (Figures C.5 and C.7; direction of surface zero in these figures is 180° and 0°
for detectors at CL 4.6 and CR 4.1, respectively). These orientations are confirmed by photo-
graphs taken during instrument recovery after Wahoo. Inthe case of DRR 3.9 for Umbrella,
the coracle was so positioned by the wind that an area of low response was directed toward the
hot line (Appendix F and Figures C.5 and C.7; direction of hot line in these figures is 0°), There-
fore, it is possible that the differences between the ASEL- and std-GITR records are the result
of differences in directional response made evident by the approach of base surge.

An application of the calculated detector responses (Figures 3.1 through 3.3) for the total
angle subtended by an apﬁroaching base surge brings the two instruments into closer agreement,
but complete agreement cannot be achieved until surge dimensions of 300 feet are assumed.
This type of hypothetical approach suffers from the fact, inherent in the mathematical model,
that the dimensions of the assumed radiating cloud varies as a function of distance to the detec-
tor unless it is assomed to lag a certain distance behind the visible base surge boundary. This
iag distance is approximately 1,000 feet in all three cases, a distance which is in accord with
other observations discussed more fully in Section 3.3.2. Photographic records indicate much
larger maximum dimensions for the visible base surge; however, there are many indications
(Sections 3.3.2, 3.3.4, and 3.4.1) that radioactive material is not uniformly distributed through-
out the visible surge. No particular emphasis is placed on these speculations except to note

"that highly radioactive clouds of small dimensions are not impossible, and that these and other
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considerations often strongly suggest their existence. Usually the ASEL- and std-GITR's are
in close agreement since, when properly oriented toward surface zero, there are only small
differences in response as a radioactive cloud approaches.

A second difference shown by both the sec- and ASEL-GITR’s with respect to the std-GITR
is best illustrated by the records obtained from Umbrella Stations D 4.8 and DRR 3.9 (Figures
3.21 and 3.23). The ASEL- and sec-GITR’s track each other after the peak dose rate but rise
above the std-GITR trace. Similar differences are also seen for some records at 0 to 15 min-
utes and ¢ {o & hours presented in Sections 3.3.2 and 3.3.5. Although changes in detector re-
sponse as the radiating cloud recedes might be a contributing factor, these differences are
most probably due to the comwbined effect of radioactive material on coracle surfaces and in
the water immediately surrounding the coracle. The center of the sensitive volume for the
std-GITR stands 14.7 inches above the coracle deck whereas those for the sec-GITR and the
ASEL-GITR are about 3 inches above the deck; thus, the relative effect of deck deposits is
greater for the lower detectors. An empirically determined curve (Figure C.18} indicates that
the response of the lower detectors should be about three times that of the std-GITR. The
ratio between the recorded dose rates for these instruments at Stations D 4.8 and DRR 3.9 does
approach this value as the downwind segment of the base surge recedes. Radioactivity in the
water can cause an even greater difference between the std- and sec-GITR records and is un-
doubtedly the principal cause at later times; however, at these early times the visible boundary
of white water (Appendix F) has not yet reached these stations. Unfortunately, the combined
eifects of overturn, washofi at close-in positions, and the relatively light deposition over the
more distant array afford insufficient opportunity to check this hypothesis.

The remaining differences in the composite records cannot yet be satisfactorily explained.
The flat plateau shown by the ASEL-GITR at Station CL 3.1 on Umbrella (Figure 3.16) may have
been produced by a radiating cloud that passed off to tho right of the station through a region of
low directional response; however, the suggestion raises nearly as many difficulties as it
solves. The 15-second dip occurring between 32 and 47 seconds in the sec-GITR record at
Station D 2.7 on Umbrella (Figure 3.20) may be due to capsizing, although this possibility
seems unlikely, since the std-GITR record appears reasonable until 2.4 minutes.

The early gamma records obtained aboard the target ships are not necessarily comparable
with those obtained from the coracles, because little is known of the directional response of
GITR’s installed in such complex surroundings. The shipboard records are in general agree-
ment with those obtained from the co:acles although most of the Umbrella records are {ncom-
plete because of saturation. The maximum dose rates for some saturated records have been
estimated from the records of GITR's installed inside the ships by Project 2.1 {Reference 86)
and are presented on the appropriate plots.

The initial radiation recorded at stations closer than 6,000 feet during both Wahoo and Um-
brelia was a sharp peak in dose rate occurring at about the time the explosion bubble first
reached the ocean surface. Usually it was recorded as a single radiation pulse by both the
ASEL- and std-GITR’s. Unfortunately, the first radiation puise on an ASEL record cannot be
considered valid, since any leakage occurring between the warmup signal at minus 5 minutes
and the first pulse must be included as an indeterminate part of the initial dose increment.
Consequently, the initial dose rate peak has been omitted from the ASEL records except when
substantiated by more than one radiation pulse. All initial dose rates obtained from the ASEL
records have been included in Table 3.4 and in Figure 3.4 to show the extent of scatter. Be-
cause the sid-GITR ion chambers are recharged by the minus-5-second signal, their records
are considered reiiable. Although a plot of these initial dose rates versus distance exhibits
considerable scatter, the std-GITR peaks and some of the ASEL peaks are reasonably approxi-
mated by a straight line whose slope is similar to that for the attenuation of gamma radiation
with distance irom a distributed source of mixed fission products at early time (Figure 3.4).
Note that the initial dose rate peaks measured by the ASEL-GITR at Stations CL 4.6 and CR
4.1 during Wahoo (Figures 3.7 and 3.9), both of which are substantiated by more than one radi-
ation pulse, show an attenuation with distance that is too great unless a point source of radiation

86 Pages 87 and 88 deleted.



is assumed. All initial dose rate data is summarized in Table 3.4. The variation in the time
of the initial peak is probably due to errors in determining true zero time on individual GITR
records; thus, the initial peak dose rates for Umbrella are plotted without decay correction.
To include the initial dose rate peaks for Wahoo in the average time of the initial
peaks (8.3 seconds) has been corrected to the average time of the Umbrella peaks {1.6 seconds)
using a decay curve recently determined (Section B.2 and Reference 87).

Unfortunately, the station density is too low to permit any conclusions; however, the follow-
ing observations can be made: {1) a period of low radiation intensity definitely follows an initial
dose rate peak that appears te be associated with the surfacing of the explosion bubble, and (2)
there is the suggestion that this initial radiation was registered at greater distances during
Umbreila. The single Wahoo station between radial distances of 4,600 to 6,000 {eet did not
register an initial dose rate peak, whereas three out of three stations in this same range of
distances registered such a peak during Umbrejla.

The existence of 2 period of low radiation intensity after the initial dose rate peak poses
some difficult questions. The decline in dose rate immediately after the initial peak is too
abrupt to be caused sclely by decay and therefore implies some sort of shielding between the
source and the detector. Rough calculations indicate that the amount of water comprising the
plumes and column cannot afford sufficient shielding to produce the observed effects. There-
fore some physical action that accomplishes the temporary submergence of the principal radi-
ating source below the ocean surface appears to be required. Further speculation is left to
those more familiar with the hydrodynamics of these events. Because of the extremely short
duration of the initial radiation, little can be inferred concerning the true initial dose or the
shape of the initial dose rate peak. The data obtained from the coracles strongly suggests that
the true peak is much sharper than that reconstructed by Project 2.1 {Reference 86); their data
is, however, the best available until more precise measurements can be made.

The second portion of the early gamma record is the dose due to shine {Appendix ¥) {rom
the column and approaching base surge. Photographic evidence (Reference 88) indicates that
for Wahoo the primary piumes reached maximum height at 15.5 seconds (maximum height of
secondary plumes at 30.5 seconds), and the base surge was clearly distinguishable by about
25 seconds; for Umbrella the column reached its average maximum height at 15 seconds, and
the base surge was clearly distinguishable at about 13 seconds. On both shots a steep rise in
dose rate occurs before the time of base surge emergence established by photographs. This
first steep rise may alsc be associated with the initial surfacing of the explosion bubble. For
Wahoo it is more pronounced and is usually followed by a short plateau, which is terminated at
about the time of base surge emergence by a more gradual increase in dose rate. For Um-
brella it is evident only as a change in slope, which agzain corresponds roughly to base surge
emergence. Using the times of arrival {TOA) defined in Section 3.3.4, the cumulative dose
from zero time to TOA has been calculated as an estimate of the shine dose. For greater con-
venience, the cumulative dose due to initial radiation, shine and the total dose to 1 minute are
presented in Table 3.5. Because of its short duration, the initial radiation dose must also be
regarded as an estimate, This initial dose is considered too uncertain to justify the construc-
tion of isodose contours. Contours of cumulative dose at 1 minute may be found in Section 3.3.3.

3.3 GAMMA RADIATION FIELDS RESULTING FROM
AIRBORNE RADICACTIVE MATERIAL

As stated in the introduction of this report, radiation from the airborne radicactive material
may be divided into radiation from (1) the base surge, {2) the column and transiting cloud, and
(3) material deposited from either of these two sources. The deposited material may be further
subdivided into that deposited on retentive suriaces and that deposited in the ocean where mixing
can occur. Radiation fields resulting from the airborne radicactive material specifically ex-
clude those due to waterborne radioactive material, shine from the column, and secondary
fallout, which is improbable in the case of an underwater burst, The two latter sources did not

(Text continued on Page 109)
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make significant contributions to the gross gamma fields observed; however, radiation due to
radioactive water remains a possible undetected addition to the free-field dose at the close-in
stations. Consequently, the discussion of the gamma dose rate resulting from deposited radio-
active material remaining suspended in the surface water layer is extended to include radiation
from the passage or upwelling of water directly contaminated by the nuclear device even though
such discussion is not properly included in this section.

3.3.1 Deposited Radioactive Material. The fact that any detector records the summation of
radiation received from airborne, waterborne, and deposited material requires that at least
two of these three potential sources be individually evaluated. Consequently, considerable
effort was devoted 1o the prediction and assessment of possible deposited and waterborne radi-
ation. In the light of the results from Wahoo and Umbrella, these efforts may appear to have
been unnecessary; however, the very fact that the large deposits expected did not occur is in
itself of particular significance. This fact has therefore been substantiated by all available
evidence in addition to that obtained from the IC collections themselves. These measurements
were not originally intended to provide such information, and thus, precision is understandably
lacking. Evidence proving the deposit dose to be tactically unimportant is provided by: (1) the
IC collections, (2) the standard GITR records after passage of the base surge, and (3) radtac
meter surveys of the coracles upon recovery.

The relative contribution of the deposited material to the gross gamma field may be esti-
mated from the data presented in Table 3.6 in which all values are converted to std-GITR
response. The GITR and meter survey readings have been brought to & common time of 1
minute, using the ionization chamber decay curve in Reference 89 extended to early time by
normalization with the decay curve in Reference 36 (Section B.2). For brevity, this combined
decay curve is hereafter referred to as the standard decay curve. The IC collections were
also corrected to the common time of 1 minute by a method described later.

A plot of the deposit dose rate estimated from meter survey data versus distance from sur-
face zero (Figure D.34) shows no significant variation with distance, a fact which suggests that
the meter survey readings are not representative of the deposition phenomena. The meter
survey data indicates rather that the general background on Wahoo was approximately 10 times
higher than on Umbrella. This increase in background, which was detected in other data (see
Figure D.35), is attributed fp.the fact that Eniwetok Atoll was subjected to secondary fallnut
just prior to Wahoo from Shot Koa fired at Bikini. If Koa is accepted as the origin, the appli-
cation of the standard decay curve on the assumption that the material was deposited from
Wahoo is obviously {alse, and consequently the high meter survey estimates for Wahoo cannot
be accepted. Even if meter survey estimates are accepted, they are less than 3 percent of
the recorded peak dose rate at stations that were transited by the base surge.

The std-GITR records after passage of the base surge provide a better estimation of the
deposit dose (Appendix F). A background dose rate after passage of the base surge was select-
ed from each gamma record at a time not later than 3 hours after zero time and in a region
where there was no immediate evidence of sources other than material deposited on the coracle -
decks. This background dose rate was then corrected by means of the standard decay curve
(Appendix F} to the rate of 1 minute after zero time. A plot of these deposit dose rates (Fig-
ures 3.32 and 3.33) shows some scatter, which must be expected when all positions are repre~
sented without wind corrections, but which may also result from bodies of waterborne radio-
active material in the neighborhood of the coracle. Nevertheless, the plotted points show some
dependence on distance from surface zero and thus are more acceptable as an indication of dep-
osition phenomena. I only points from downwind stations are considered, a straight line may
be drawn through the points from the Wahoo close-in stations. Unfortunately, due to the large
number of overturned coracies, there are almost no close-in points for Umbrella; however, a
straight line parallel to that drawn through the Wahoo data {its the few Umbrella points reason-
ably well. Ii these straight line plots are accepted, the deposit dose rate may be approximated
by the expression:
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where Dy is the deposit dose rate at some distance d, D, is an intercept constant representing
a virtual deposit dose rate at zero distance, and o is a constant representing the decrease in
deposit dose rate with distance. For the data presented in Figures 3.32 and 3.33 these constants
are: a = 3.6 X 1074 {t"!, D, = 5,400 r/hr at 1 minute for Wahoo, and D, = 260 r/hr at 1 min-
ute for Umbrella. These plots cannot be considered in themselves suificient evidence for an
exponential decrease of deposited material with distance, but they do indicate that there is es-
sentially no significant deposition beyond 15,000 feet for Wahoo and at 11,000 feet for Umbrella.
The value of Dy for Wahoo is 21 times that for Umbrella, which could be caused by the com-
bined efiect of a heavier Wahoo deposition and the higher general background for all Wahoo
samples. Total depositions over the shot arrays estimated from IC collections do not, however,
indicate a significantly greater deposition after Wahoo. Finally, the few data points along up-
wind and crosswind radit show an abrupt decrease in deposit dose with distance as might well

be expected.

The sum of IC collections attributed to base surge plotted against distance from surface zero
(Figure 3.34) shows even wider scatter yet a similar decrease with distance. A straight line
with nearly the same slope as that obtained from the GITR background data may be drawn through
the Wahoo points; the slope and intercept values are: « = 3.0 X 107¢ ft™! and Dy = 1,100 r/hr
at 1 minute. The fact that this line appears to fit the Umbrella data points is undoubtedly coin-
cidental. If the close-in Umbrella stations are ignored, the Umbrella IC collections show little
tendency to vary with distance from surface zero and are again about a factor of 10 lower than
the Wahoo collections.

In the case of Station U 2.7 on Umbrella, the very large IC collection suggests that this sta-
tion was involved in primary throwout (Appendix F). The additional fact that the early collec-
tions made at this station exhibit a decay curve that is characteristic of depositions accompanied
by large amounts of water would seem to bear out this assumption. Photographic evidence for
Umbrella is poor, but analysis of Wahoo plume trajectories (Figure 3.35) would indicate that the
maximum throwout radius for that shot is about 1,800 feet. The possibility of a greater throwout
radius existing for Umbrella appears unlikely; therefore, this explanation for the large collection
at U 2.7 is not acceptable.

Collections made aboard the DD-592 platform also indicafe such a heavy deposit accompanied™- .

by large amounts of water (Section 3.5.2). Reference 90 postulates that heavy rains of short
duration fall from the base surge soon after its formation, the exact time being dependent upon
the average size of the original base surge droplets. Although the time of both observed depo-
sitions is much earlier than that calculated in Reference 90, it is still possible that these two
stations were exposed to such rainfall if original droplets of 20 to 50 microns are assumed.

On the basis of these two records, heavy rains possibly accompanied by large amounts of radio-
active material may be postulated to distances of 3,000 = 500 feet. Such heavy deposition of
water would probably cross-contaminate (Appendix F) the uppermost IC trays, which may ac-
count for the fact that these IC collections appear to have continued after passage of the base
surge (Figures 3.48, 3.61, and 3.62). H such deposition actually did occur, the meter survey
and the GITR background data indicate that the majority of this material washed off the coracle
decks, probably within a short space of time.

The IC trays were counted in an end-window gamma counter, consisting of a 1’/2-inch-diam-
eter Naj thallium-activaied crystal, 1/2 inch thick, mounted in a lead shield {Technical Associ-
ates Lead Shield, Model LS-6) with appropriate photomultiplier and scaling circuits (Nuclear
Instrument and Chemical Corporation, Model 162 scaler backed up with a Model 182 scater).
The crystal was shielded with ¥, inch of aluminum to eliminate all contributions from beta
activity. All trays were counted on Shelf 5 (distance: 84 mm from shelf support to bottom of
crystal); the efficiency for gamma 0.7-Mev photons is approximately 0.35 percent for this posi-
tion. The efficiency of the crystal system for a given sample can best be determined empiri-
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cally, since counting efficiency is greatly influenced by the soit gamma spectra of the sample.
‘Because the IC data presented in the body of this report has been greatly modified to permit
interpretation of the GITR records, all observed tray counts, together with an approximate
spectral response of the crystal counter are presented in Sections .3 and D.2.

To compare the IC coliections with the GITR records, both observations had to be brought
to a common time, a correction that afforded particular difficulty, since at first inspection
each separate collection appeared to exhibit an individual decay. However, after detailed com-
parison of the various individual decays (described in Section 3.5.1}, it was found that nearly
all observed decays for both Wahoo and Umbrella IC collections could be approximated by a
family of {ive curves (Figure 3.38). If the apparent dependence upon time of collection is ac-
cepted, criteria based on known conditions of sampling can be established for the selection of
a specific decay curve for a given IC collection. Thus, these empirically determined decay
curves offer a means of correcting the observed tray counts to time of deposition, which is an
improvement over the application of a single calculated decay curve for all samples.

The fact that the observed decay curves when normalized at 22 days again approach each
cther to within a factor of 3 at 0.2 day, permits the assumption that the relative magnitude of
the tray counts at 0.2 and 22 days must aiso be the same within a factor of 3 regardless of the
decay curve actually followed by the individual collections. Usually, the tray counts were made
at 2 and at 6 days, times when the differences due to {ractionation could be as high as a factor
of 8,5. Since the decay curves at later times are better known, all IC tray counts were brought
to a common time of 22 days using the following criteria for the selection of decay curves:

Curve SI  : deposition at 1 minute accompanied by large amounts of water.

Curve SII : deposition at 1 or 2 minutes without large amounts of water.

Curve SIO : deposition at 3 or 4 minutes.

Curve SIV : deposition at § minutes or more as long as the GITR record
indicates the presence of base surge at the station.

Curve W : all other deposition.

The tray counts were then converted to a std-GITR response for a deposit of corresponding
magnitude distributed uniformly over the coracle deck, using an empirically determined con-
version factor 8 = 0.71 x 1077 (r/hr)/cpm (Section C.5). This factor was determined using a
12! slurry and exactly the same GITR exposure geometry and tray counting equipment. The
value of such a conversion factor will, of course, vary as the energy spectrum of the deposited
material changes. However, since the base surge samples were known to be enriched in
Ba*’.1.a™® and since these products represent better than 25 percent of the total activity in
normal fission products at 20 days, the application of this conversion factor at 22 days is at
least most consistent with the known energy of the material used for its determination. The
hypothetical GITR response at 22 days was then converted to the GITR response at 1 minute,
using the standard decay curve. The standard decay curve, when normalized with the five
empirical decays at 22 days, also passed through the region of closest approach at 0.2 day and
in faet agreed within a factor of 2 with an ionization chamber decay curve obtained by Project
2.1 to a time of 6 minutes,

This somewhat elaborate technique of correcting the 1C collections to a common time was
evaluated by examining all trays, which were counted once in the EPG at about 2 days and
again at NRDL about 4 to 8 days after zero time. If the decay curve used for each of these
individual samples was correct, both counts should yield the same results at any stipulated
common time. Therefore, in al! cases where trays had been doubly counted, the two counts
were converted to the simulated GITR response at 1 minute both by the process just described
and by the simple application of the standard decay curve together with the conversion factor 8.
In all except two cases, the values determined by means of the standard decay curve alone
showed considerably more variation. Specifically, values calculated by means of the empiri-
cally determined decay curves showed an average variation of 19 percent of the mean, whereas
those determined by means of the standard decay curve showed an average variation of more
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than twice this amount. The values are finally presented as histograms on which the standard
GITR record corrected tc 1 minute using the standard decay curve (called the normalized rate
curve) has been superimposed for ease of comparison (Figures 3.37 through 3.62). The plotted
values may be converted to counts/min at 22 days by dividing by 0.015; the values may also he
converted to GITR response to an infinite plane contaminated to the same degree by multiplying
by 6.

When comparing the GITR record with the IC collections, it should be remembered that the
sequence in which the trays were exposed, and therefore the time of exposure, was determined
from the order of the trays upon recovery. Mechanical limitations of the IC itself cannot per-
mit a time resolution better than =%, minute for early collections, inereasing to =4 minutes at
the end of the tray sequence. Furthermore, difficulties experienced in the emergency re-arm-
ing for Wahao resulted in a number of arming errors such as incomplete restacking or the load-
ing of trays in improper numerical sequence. In all cases of such difficulty, exposure time was
adjusted to that which seemed most probable on the basis of field notes, and this fact is indicated
on all plots of the data.

The comparison of the IC and the GITR records at a given station is usually quite reasonable.
The maximum possible contribution due to deposited radioactivity is usually less than 1 percent
of the gross gamma record; thus, within the accuracy claimed for the GITR records, no correc-
tion for the contribution due to deposited radicactive material need be applied. The close-in
stations, particularly on Shot Umbrella, show no pronounced deposition at the time of the dose
rate peak. The known instrument bias under the high initial velocities of the base surge would
preclude the collection of a representative sample in cases of light deposition. On both shots,
the period of deposition from the base surge is usually short at the upwind and crosswind posi-
tions. The longest periods of deposition occur at the downwind positions; none, however, exceed
10 minutes during Wahoo or 7 minutes during Umbrella. The Wahoo histograms frequently show
two peaks of deposited activity whereas those irom Umbrella usually display a single peak. The
rate of deposition is difficult to ascertain for depositions as short as those observed because of
the large time increments of the IC collections.

The histograms were terminated at 15 minutes although most of the coracles showed IC col-
lections at later times when no remnant of the base surge can be reasonably postulated. In the
few cases where decays were ohserved, those late collections exhibited the characteristic water
decay and were probably due t¢ spray from radioactive water in the vicinity of the coracle. A
series of prolonged IC collections in the target area prior to Wahoo indicates that approximately
300 cc/day of ocean spray entered the IC port. The value given has been corrected for rainfall
reported in the area during the period of exposure; however, salt analysis of the liquid collected
indicates that this correction may have been low. A similar value would be expected for the
Umbrella target area.

The IC collections after 15 minutes were treated in exactly the same manner described for
the other collections using the water decay curve. Collections significantly above background
are presented without further discussion in Table 3.7. The IC collections are designated by
the location of the collection, followed by a time indicating the time at which each 1-minute
collection ceased. The abbreviation “cont” following the time designator indicates that the IC
stuck at the tray in question; therefare, the tray was exposed continuously from 1 minute prior
to the indicated time until the coracle was recovered. A more complete description of the sym-
bols used in IC tabulations is given in Appendix D.2.

Althbough station density for the IC collection was very low, IC data was also used to estimate
the iotal depostiion over the target array. These estimates were made by mapping the total ac-
tivity deposited from the base surge as determined by the IC collections and performing approxi-
mate isodeposition contours through these points. Total deposited activity in counts/min was
determined over equal areas for both shots by numerical integration. BecZuse no reliable depo-
sition information existed at distances closer than 3,500 feet for Umbrella, an area of this
radius was omitted from both summations. These calculated total depositions were then con-
verted to fissions using the standard decay curve and the factor 3.73 x 10° fissions/counts per
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minute at 12 hours, which had been determined by Reference 36 for f{ission products, and the
end-window counter used to determine IC tray activities.

This data suggests that the total Wahoo depo-
sition was slightly greater than Umbrella; however, considering the assumptions required for
these calculations, the differences between Wahoo and Umbrella shown by the deposit dose
versus distance curves (Figures 3.32 through 3.34) are more probably due to the generally
hicher background of the Walwo collections.

3.2.2 Free-Field Dose Rates. The free field is arbitrarily defined for the purposes of this
report as the gamma radiation field near the water surface resulting from a cloud of airborne
radicactive material unmodified by any projections above that surface. The GITR records best
describing the free-field dose rates are those obtained {rom the coracles and presented in this
section (Figures 3.66 through 3.96). Since these records are necessarily the summation of a
complex sequence of interrelated phenomena, their interpretation requires considerable dis-
cussion.

The corrections and modifications of both the gamma records and base surge photography
with which they are compared are {irst described. On the basis of radiological and photographic
evidence, a simple base surge model is next proposed together with some specialized terminol-
ogy required for greater brevity and clarity. The general features of the two underwater deto-
nations can then be summarized and are later substantiated by more detailed discussion. The
general discussion is intended to provide an approximate description of the gross base surge
phenomena suitable for estimates of tactical hazards. The detailed discussions are presented
to suggest hypotheses, which may be later used as guides for a combined analysis of all final
Hardtack results. The limitations and justifications for any extended treatment of the data have
been stated in the introduction to this chapter {Section 3.1).

Each gamma dose tate record is presented with a summary of all pertinent information con-
sidered necessary for the complete interpretation of that record. A brief synoptic description
of the two underwater detonations is attempted by collecting some of this individual information
into a master table (Table 3.11). All general or detailed descriptions of the records and all
speculations on surge transport mechanisms are based on this material. Although the postulared
base surge models and distinctions in surge structure cannot be conclusively demonstrated, they
at least {it all radiological observations. Other models or structures can, of course, be postu-
lated, and the project places no particular emphasis on those elaborated here.

Some of the material presented in this section must be abstracted from other sections of this
report, since an intelligent interpretation of the free-field dose rate requires a nearly complete
synthesis of all radiological observations. This material is properly abbreviated in this section;
however, complete presentation of all such data is found elsewhere, viz, cloud and foam models
are presented {n Sections 1.3.1 and 1.3.2, instrument response in Section 3.1.1, isodose contours
in Section 3.3.8, approach velocities and general base surge dynamics in Section 3.3.4, water-
borne sources and their movement or sinking in Section 3.3.5, and shipboard records in Section
3.4.1. Reduction of surge photography was performed by the project from preliminary prints of
aerial photographs supplied by Project 1.3, Naval Ordnance Laboratory (NOL), prior to publi-
cation of Reference 91, to which the reader is referred for final reduced data. Some of these
NOL radii have been incorporated into this report with the kind permission of Project 1.3 (Fig-
ures 3.21 and 4.20 of Reference 91 for Wahoo and Umbrella radii, respectively). Finally, the
linear presentations of dose rate which appeared in the preliminary report (ITR—-1621) are pre-
sented in Section D.1. To conserve space, only parenthetic reference to sources of additional
infermation is made throughout the remainder of this section.

All dose rate records obtained aboard coracles are given from zero time to H+ 15 minutes,

a time interval that includes the major radiation phenomena associated with underwater nuclear
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detonations. In some cases where radiation fields of tactical significance were still being re-
corded at 15 minutes, the record is extended. All dose rates presented have been corrected
for response as described in Section 3.1.1. No corrections have been made {or deposited activ-
ity (Section 3.3.1) or for waterborne radioactive sources, viz, (1) radioactive material remain-
ing suspended after being deposited from the base surge, (2) water directly contaminated by the
device, and (3) radicactive foam generated during eruption and collapse of the column. Since
the presence and relative timportance of these sources cannot be precisely determined, the
unmodified gamma recaords are presented with a brief discussion of possible errors.

The extreme complexity of the gamma records, especially those for Wahoo, fosters the
suspicion that at least the minor variations are generated by the detecting instrument itself.
This suspicion is not sustained by a comparison of standard and secondary GITR records.
When the UW-GITR detector failed to drop, a second record, called sec-GITR record, was
produced by a completely independent instrument at the same location. Where such dual rec-
ords were obtained, the two nearly duplicate each other (Figures 3,75, 3.76, 3.81, 3.88, and
3.89). The slight variations between these two records are usually explained by the differences
in position and response of the two detectors {Section 3.1.1 and Figure 1.2) or by the fact that
the coracle overturned. The [ollowing interpretation of the gamma dose rate records is based,
therefore, on the assumption that both the variations in the recorded dose rate and all differ-
ences between iwo instruments at the same location do in fact represent actual changes in the
radiation field.

Before further examination of the gamma dose rate records {s attempted, the fact that many
of the coracles were drifting after Wahoo and that many were overturned after Umbrella must
be considered. Both occurrences could severely modify or even vitiate the gamma records
affected; however, a careful evaluation demonstraies that very few records are greatly changed.
All coracles that broke free after Wahoo were dragging long lengths of mooring cable, which
greatly diminished their rate of drift {Section 2.3.2). In each case the rate of drift has been
estimated and coracle movement during surge transit has been calculated (Table 3.11). Inno
instance does this distance exceed 200 {eet, which is less than the theoretical limits placed on
coracie positioning accuracy. Care must, however, be exercised when interpreting the later
records, since some coracles drifted with the white water (Appendix F) while others became
entangled with various elements of the target array. This information on iater behavior is
summarized in Table 2.6 and Figure 2.1.

Coracle overturn after Umbrella represents a more serious difficulty; however, if the std-
GITR was not damaged during overturn, an attenuated record is obtained through the coracle
bottom, which is sufficient for an analysis of surge transit if allowance is made for possible
masking by white water. This attenuation factor has been evaluated at 0.18, using the lznown
std-GITR response through its own electronics further attenuated by the coracle components
(Section A.1).. The sec-GITR in the capsized position is prevented from obtaining an accurate
record of the radiological event through the bottom of the coracle by a layer of water that var-
ies in thickness from 0 to about 5 inches depending on wave action. The time of coracle over-
turn is difficult to estimate, since a rapid decrease in dose rate may indicate either a rapidly
transiting surge or an overturn. The estimated times of overturn (Table 3.11) are determined
by comparing the GITR records of all adjacent stations. Where there is good agreement with
neighboring stations, both coracles are assumed to be upright; where the two records de not
track, an overturn is assumed. Additional evidence of overturn is also obtained by comparing
the std-GITR and sec-GITR records when available. Thus only the latter part of the records
from Umbreila coracles U 1.8 and D 2.7 {Figures 3.80 and 3.88) are considered invalid because
of std-GITR damage resulting {rom overturn.

The interbretation of any dose rate record is obviously dependent upon some knowledge of
visible base surge position relstive to the {instrument providing the record. These visible
boundaries (photo-boundaries) were determined at 1-minute intervals after zero time from
prints of oblique aerial photographs, which were geometrically corrected for the known dis-
tance and altitude of the aircraft (Section 3.3.3). The boundaries obtained cannot be more
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accurate than =500 feet and may be in error by as much as £1,000 feet. When making prints
from the original negative, an overexposure can result in the disappearance of some detail in
the surge outline. By superimposing the time sequence of surge outlines for a given shot, a
few such photographic disappearances become apparent. Since the base surge should not re-
tract irom a region where it 1§ once photographically detected, -the largest photographically
determined boundary is always continued into later time; these maintained boundaries are indi-
cated as dashed lines in the transit plots (Appendix F) to be described later. Times cannot be
more accurate than 2 seconds, a limitation determined by the accuracy with which the gamma
records can be related to the photographic data. Therefore, the analysis presented, while useful
for the purposes of this report, must be substantiated by repetition with final reduced photo-
graphic information (Reference 91). These limitations also apply to other sections of this re-
port (especially Section 3.3.4) where the position of the visible boundary is used.

On the basis of both radioiogical and photographic evidence, the base surge may be generally
described as a low torus-shaped cloud that expands radially as it is transported downwind. Al-
though roughly circular in outline, definite lcbes or irregularities can be observed in the aerial
photographs and are suggested by the final isodose patterns (Figures 3.103 and 3.105). Such
irregularities are probably caused by nonsymmetrical interaction of the explosion bubble with
the surface or by local retardation due to turbulence resulting from surface obstructions such
as the target ships or the atoll reef. On hoth shots, the base surge did not exceed an altitude
of about 2,000 {eet; thus, after cessation of energetic radial expansion, surge movement is
controlled by local surface winds. Difficulties caused by incomplete knowledge of local wind
speed and direction are met by assuming that the photographically determined center X {Ap-
pendix F) represents the true surge center up to the last reliable photographically determined
position (3.5 minutes for Wahoo and 6.0 minutes for Umbrella), after which the surge center is
assumed to move in accordance with the official Task Force surface winds (15 knots from 090°
T for Wahoo and 20 knots {rom 050° T for Umbrella).

As will be substantiated in detail later, the downwind gamma dose rate records for Wahoo
suggest the generation of at least two base surges after Wahoo, forming a series of roughly
concentric expanding toroids. Such a complex surge structure could result from a sequence
of interactions between the explosion bubble and the water surface, a postulate that is supported
by photographic evidence showing secondary plumes rising above an already well developed base
surge at about 26 seconds {Reference 88). A similar phenomena (with perhaps tertiary plumes)
was photographically recorded after Shot Wigwam, the only other deep-water nuclear detonation
for which such data is available (Reference 14). Additional plume development may be presumed
to have created a second base surge in a manner similar to primary surge genesis. The mul-
tiple surges so formed might mix or remain as partially or wholly separate cloud masses.
Aerial photographs of the Wahoo surge at times greater than 2 minutes show two concentric
rings of cloud separated by an annulus of relatively clear air. The center of the inner surge
ring contains a number of irregular clouds. Prior to 2 minutes, white water masks any inter-
nal details of the base surge. Thus, both the dose rate records and later aerial photography
favor the hypothesis that at least a primary and a secondary base surge did exist and that these
surges were at least partially separate. For Umbrella, however, a single base surge torus
seems adequate for an analysis of the gamma dose rate records. Aerial photographs show a
single base surge toroid with a nearly cloud-free center. Very diffuse remnants of the Um-
brella column moving centrally but above the surface base surge are apparent in some photo-
graphs.

" A schematic representation of the more complex Wahoo surge is presented in Figure 3.63
together with a number of additional terms and symbols needed for a description of photo-
graphically disﬁfxguishable surge features or the manner of base surge passage over a given
station. For greater simplicity of presentation, the surge is {llustrated as stationary while
the coracles are indicated as meving through it. The nine different types of transit illustrated
together with their letter designators are self-explanatory. Use of these letter designators
permits a maximum condensation of descriptive material and pertinent data. The designators
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are selec.... il serve as mnemonic devices once the reader is familiar with them. All symbols
are summarized in a key placed at the beginning of the individual record sequence and again in
Appendix F, in addition to being defined as they appear in the text.

The initially formed base surge is called the primary base surge, and the assumed second
surge is called the secondary base surge. The terms “inner” and “cuter” are used to describe
surge boundaries, since the adjectives “leading” and “trailing” fail when describing upwind
events. In the ensuing discussion two visible surge boundaries are used: an irregular photo-
graphically determined boundary (photo-boundary} and a smooth boundary defined by a circle
best approximating the photo-boundary. Thus four visible boundaries of the primary surge
are employed: the outer and inner photo-boundary (P, and Pj respectively) and the outer and
inner smooth beundary (B, and Bj respectively). The secondary base surge is photographically
indistinct; therefore, the smooth boundary of the secondary surge Bg is used unless otherwise
noted. The final Project 1.3 {Reference 91) radii mentioned above are employed to construct
another smooth boundary (labeled “NGOL"”) using the center of the circle defining the primary
smooth boundary (the photographic surge center X). The base surge torus is also divided into
upwind, crosswind, and downwind segments always with respect to the official Task Force sur-
face wind (15 knots from 090° T for Wahoo and 29 knots from 050° T for Umbrella).

Presumed areas of decreased radioactivity either between the primary and secondary base
surge or at the center of the surge are called the intersurge decrement and central decrement,
respectively. As suggested previously, these areas are apparently coincident with photo-
graphically clear areas within the base surge. In any discussion, a careful distinction must
be maintained between photographically and radiologically established parameters; thus, wher-
ever ambiguity is possible, the modifiers photo- or rad- will be prefixed to the parameter in
question. Although the treatment of the two shots is similar, it cannot be identical because of
the pronounced phenomenological differences. In all cases where more than one similar gamma
record was obtained at a single location, only that record most closely approximating the free
field is analyzed, l.e., the coracle record from the std-GITR or the shipboard record from the
GITR faring surface zero or the hot line (Appendix F). '

In general, base surge transit is responsible for all dose received at locations more than
1,500 feet irom surface zero, as far as tactical considerations are concerned. Surge transit
time varies with positicn relative to surface zero. For Wahoo, transit times range from ap-
proximately 3 minutes at upwind and crosswind locations to approximately 20 minutes at dis-
tant downwind positicns; for Umbrella, these approximate times are 3 minutes and 10 minutes,
respectively. Thus, the area in the imiiediate vicinity of surface zero should be safe for
entry by combatant ships approximately 25 minutes after detonation. The generalization is
correct as stated for larger combatant ships, but a consideration of waterborne material
(discussed later) requires an exception for small boats operating in the vicinity of surface
zerp. The gamma dose rate record characteristic of Wahoo starts with a relatively blunt first
major dose rate peak followed by a shallow valley, which in turn is followed by a series of
blunt dose rate peaks slowly decreasing in magnitude over a period of about 10 to 15 minutes.
A characteristic Umbrella record begins with a high, sharp peak in dose rate {ollowed by a
prolonged period of low dose rate, which finally increases to a flat-topped rise of approxi-
mately 4 minutes’ duration. These characteristic records, supported by additional photo-
graphic evidence, indicate fundamenta] differences in the complex structure of the base surge
produced by the two detonations. Such differences are not surprising but require considerable
interpretation.

All peak dose rates and times of peaks are summarized for both shots in Table
3.8 (also see discussion in second preceding paragraph). The valley occurring immediately
after the first major peak in dose rate has also been included in this table, since itis often
indicative of an important feature of the base surge. The fact that all weather-deck GITR's
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aboard ships 3,000 feet or closer to Umbrella saturated during the first major dose rate peak
should be noted. Maximum dose rates 0.35 minute have been esti-
mated by Project 2.1 from the records of instruments shielded below decks {Reference 86).

The cumulative dose at various times after zero time has been calculated by numerical
integration and is presented in Table 3.9. Despite the higher peak dose rates observed during
Umbrella, the average total dose for downwind stations closer than 12,000 feet is approximately
two to three times higher for Wahoo than for Umbrella because of the longer surge transit times.
The fact that many of the close-in stations on Umbrella overturned has little effect on the rela-
tive magnitude of the cumulative dose, since all these coracles received most of their total dose
prior to the estimated time of overturn. A rough check of all GITR records demonstrates the
observed dose rates to be consistent with a base surge confaining -

fission product activity available. As indicated later, the assumption that the radio-
active base surge irom an underwatier detonation disappears solely by & process of decay ap-
pears justified for estimates of tactical hazards during the first 15 minutes after detonation.

To limit weather deck exposures a combatant ship must remain ‘down-
wind of Wahoo and . downwind of Umbrella. Closer upwind and crosswind approaches
without exceeding these total weather deck exposures are of course possible, but, due to the
unpredictability of close-in phenomena, these closer approaches must be determined by careful
operations anzalysis. Another important tactical consideration in problems involving ship ma-
neuvers immediately upwind of 2 receding surge is the possible existence of relatively invisible
radioactive remnants streaming behind the visible surge. All radiological observations, how-
ever, indicate that base surge is the controlling tactical problem and that waterborne radioac-
tivity is definitely of secondary importance. The passage of radioactive foam is, however,
presumed to cause the spikes (Appendix ¥} in dose rate of 3,000 to 6,200 r/hr between 5 and 13
minutes observed at some crosswind coracles and would represent a serious hazard to small
boats.

Any more detailed comparison of the gamma dose rate records with various features of the
base surge requires the application of some correction for radioactive decay and the adoption
of some formal means of estimating the combined effects of surge irregularities, radial expan-
sion, and local surface winds. Because of the limited data available, no proper solution to any
of these problems exists. The observed gamma dose rates are corrected to 1 minute after
zero time by applying the standard decay correction (Figure B.5) to dose rates read off the std-
GITR record (unless otherwise noted} at intervals of a tenth of a minute. The resulting curve
called the normalized dose rate has been superimposed as a dashed line on each gamma record
and is also used in Section 3.3.1. The approximate eifect of surge movement and irregularity
at 2 given coracle is estimated from base surge photography as previously described. Two
representations of the approximate base surge position—the boundary plot and the transit plot
{Appendix F) to be described later —are presented with each gamma record together witha
number of tables summarizing important information and assumptions relevant to that particu-
lar record.

The application of a single decay curve (Figure B.5) to obtain the normalized rate curve is
considered justified, since the principal clouds of airborne radioactive material appear to have
been small enough to be seen as a whole by the std-GITR. The resulting normalized rate curve
is useful for studying surge dynamics where radioactive decay is simply an additional and irrel-
evant complication. It cannot, however, be considered as accurate as the observed gamma
dose rate because of possible deviations from the standard decay curve and because of unavoid-
able mathematical approximations used in its determination. Although the normalized rate
curve i{s sometimes continued after passage of the base surge, ifts use for other radiating
sources {s not justified. The cumulative dose under the normalized rate curves has alsoc been
calculated for various times after zero time by numerical integration and is presented in Table
3.10. Because of complications due to waterborne sources, the calculation of the camulative
normalized dose is stopped as soon as the gamma record indicates completion of surge transit.
Although the cumelative normalized dose contains a number of inherent inaccuracies, it may be
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used to compare the total amount of radicactive material seen at different stations. Tk2 nor-
malized dose should be ¢comparable with the observed dose cumulated over the same time in-
terval; however, the relative contribution {rom waterborne sources is unavoidably exaggerated
in the former.

The normalized rate curve can be regarded as an approximation of the dose rate that would
have resulted had the entire radiological event taken place so rapidiy that no significant decay
occurred. In its calculation, no correction for dilution has been applied, since a plot of the
normalized dose rate peaks versus time of peak shows no appreciable dilution due to diffusion
or deposition from 3 minutes to 15 minutes (Figures 3.64 and 3.65). The possibility that the
standard decay curve just compensates for dilution exists but is considered remote. The ab-
sence of dilution effects suggests that the radieactive {raction of the base surge remaining
after 3 minutes is a very fine aerosol existing as a number of discrete clouds that maintain
their identity. This physical model of the base surge is supported by the IC collections at
distances greater than 3,000 + 500 feet (Section 3.3.1), by the lobes in the downwind isodose
contours (Section 3.3.3), and by differences in instrunent response during base surge approach
{Sections 3.2 and 3.3.4). An analysis of the gamma dose rate records for Umbrella stations
outside the lagoon suggests modification of this simple model to include moderate additional
expansion of the base surge torus due to increased turbulence caused by passage over the atoll
reef. This effect may also be reflected in Figure 3.65 by points D 18.2 and D 22.0 but is not
supported by the point for DR 18.6 (reef station). These observations are the basis of the sug-
gestion made in ihe general discussion that the decline of base surge radioactivity for the first
15 minutes after detonation is primarily due to decay, the effects of deposition and continued
eddy diffusion being of minor to negligible importance.

The total effect of the complex base surge movement is approximated by the photographic
determination of surge boundaries as previously described from about ', minute to the latest
time at which reliable boundaries can be so determined. Although diffuse remnants of the base
surge are detectable to approximately 25 minutes after both shots, the final photographically
determined boundaries selected are the 3.5-minute boundary for Wahoo and the 6-minute bound-
ary for Umbrella (Figures 3.101 and 3.108). The 3.5-minute boundary for Wahoo is expanded
pantographically to an average smooth radius 5 minutes and is then assumed to
maintain this boundary throughout the remainder of recorded transit time. The 8-minute
boundary for Umbrella is assumed to represent maximum surge expansion for all stations in-
side the lagoon, an asswmption that is in apparent disagreement with the Project 1.3 report
that the Umbrella surge still exhibited a 3-knot crosswind growth at 20 minutes (Reference 91).
Although this 6-minute boundary results in reasonable agreement between photo-arrival times
and rad-arrival times (photo-TOA and rad-TQA) determined from the gamma records for sta-
tions inside the lagoon (Table 3.11}, it does not yield proper arrival times for the remaining
stations, using various assumed wind speeds and directions within the limits set forth in Table
3.1,

At shot time for Umbrella, the tide is at approximately midstage (2.9 feet and falling); thus,
the partially exposed reef in addition to the sun-warmed islands of Giriinien, Ribaion, and
Pokon could have introduced both turbulent and thermal energy into the base surge. Such in-
troduction could result in increased eddy diffusion, in partial evaporation of surge droplets,
in increased vertical surge development, or in raising the entire surge off the water surface.

I increased diffusion did oceur, the resuliant dilution was not sufficient to produce a pronounced
decrease in the normalized peak dose rate (Figure 3.65). The gamma dose rate records do not
indicate 2 decreased wind speed after reef transit although the visual approach velocities deter-
mined for stations outside the lagoon (14 to 15 knots) and particularly for the reef station (7
knots) suggest such a decrease (Table 3.11). Although the precise mechanism of the postulated
surge modifications due to the reef remains uncertain, the effect is presumed analogous to an
additional expansion arbitrarily set at 1,000 feet. The {inal radius B, of the smooth boundary
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{Appendix F) for Umbrella thus becomes 7,800 feet (the similarity of the final surge dimansions
for the two shots is entirely coincidental). Although the postulated two-stage radial expansion
resulting from the influence of the atoll reef cannot be conclusively demonstrated, such surge
behavior is in better agreement with the reported observations of Project 1.3 (Reference 81).
The final radii adopted for analysis of the gamma records are essentially the same as those
arrived at in Section 3.3.4 from anzlyses using the hypothetical surge center H (Appendix F
and Figures 3.136 and 3.137},

The centers of all photo-boundaries just described for the Wahoo and the Umbrella surges
are considered to be coincident with that of the primary smooth boundary Bs. This center,
called the photographic surge center X (Appendix F),is assumed to be independent of the re-
ported surface wind speeds up to the time of the last photographically determined surge bound-
ary (3.5 minutes for Wahoo and 6 minutes for Umbrella). After this time it is presumed to
move in accordance with the official Task Force surface winds (15 knots from 090° T for Wahoo
and 20 knots from 050° T for Umbrella). Since two methods of determining the surge center
are employed in this report, special care should be taken to note the difference between the
photographic surge center X just described and the hypothetical surge center H, which is
simply the point defined by moving surface zero downwind in accordance with official suriace
winds starting at zero time. The photographic surge center X is used exclusively throughout
. this section; similar calculations using the hypothetical surge center H and arriving at essen-
tially the same conclusions are presented in Section 3.3.4. Although the difference between
these two centers is never large, the photographic surge center X for Wahoo undergoes a
somewhat abrupt change in direction of travel between 3 and 4 minutes, which probably results
in fictitious variations in the boundary plots (Appendix F) between these times.

The two representations of visible surge position accompanying each gamma record have
been graphically determined for each coracle location, using the photo-boundaries and wind
movement just described. Although these procedures are admittedly rough, actual base surge
movement is sufficiently approximated to reveal some of the subtler aspects of the gamma
dose rate records. For brevity these two plots are hereinafter referred to as the “transit plot”
and the “boundary plot” (Appendix F). The transit plot consists of a plan view of the most
probable photo- and smooth boundaries at the times of their individual initial and final transits
at a given station. These transit plots are presented to indicate appropriate intercomparisons
between the given record and other records at similar stages of transit or base surge develop-
ment. The boundary plot is determined by measuring the shortest distance from the given sta-
tion to the appropriate photo-boundary at 1-minute intervals. The smooth curve drawn through
these points is considered only an estimate of the actual surge position, which includes varia-
tions due to local irregularities in boundary, changes in surface wind speed and direction, and
changes in the rate of base surge expansion. The sign of the plotted values indicates whether
the particular boundary is radially closer to the surge center than the station {negative value)
or radially beyond the station (positive value). These boundary plots are used to correlate
various pbotographically detectable {eatures of the surge with specific portions of the gamma
dose rate record. '

The base surge approach velocity is a vectorial combination of the radial surge expansior
and the local surface wind. At least two (not necessarily identical) approach velocities may be
considered, viz, that of the visible surge and that of the airborne radioactive material. The
visual approach velocity may be calculated for either the primary photo-boundary P, (Appen-
dix F) or for the outer smooth boundary Bg. Since the distance of either boundary as a func-
tion of time is given in the boundary plots, the slope of the appropriate curve at some time
{or distance) prior to surge arrival yields the desired velocities. In most {nstances these
slopes are changing rapidly, thus the approach velocities are quite sensitive to the point at
which the slope is determined. The point giving the most favorable comparison with radio-
logical approach velocities is one representing a distance of 500 feet from the station at the
time of the first major peak in dose rate. All visible approach velocities tabulated in Table
3.11 are determined for this point (estimated values are enclosed in parentheses). Agreement
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between the approach velocities determined for the primary photo-boundary and the outer smooth
boundary indicates a relatively even surge outline {n the neighborhood of the station; conversely,
large discrepancies suggest lobes or irregularities. The approach velocity for the airborne
radicactive material is determined from the gamma dose rate record by the rate of rise to the
first major peak, a process fully described in Section 3.3.4. The value obtained depends on the
surge model used (Section 1.3.2). Only the range of possible rate-of-rise velocities is tabulated
in Tabie 3.11. The rough general agreement between the Several velocity determinations sug-
gests that the visible surge and the radioactive aerosol are moved by the same mechanical farces
but does not necessarily imply that they are the same body of airborne material. For both shots,
a somewhat better comparison results for rate-of-rise velocities determined with surge models
o greater thickness. Since all these derived velocities are affected by a large number of arbi-
trary assumgptions necessary for their determination, this distinction may indeed be {ictitious.

A more consistent difference between the Wahoo and Umbrella records becomes apparent
when the shortest distance to the outer primary photo-baundary P, at the time of the major
dose rate peak is considered. These distances obtained {rom the boundary plots are given in
Table 3.11. In accordance with the sign conventions previously described, a negative value
indicates that the outer primary boundary has not yet reached the station; a zerc value indicates
that its arrival is coincident with the time of the first major peak; and a positive value indicates
that it has already passed the station. The major dose rate peak may be assumed to correspond
to a position of optimum detector geometry relative to the airborne radioactive material or to a
region of maximum radioactive concentration within the visible base surge (such regions of in-
creased radioactivity were previously suggested in Section 3.2 by variations in instrument re-
sponse). Regardiess of its actual cause, this point is referred to as the source center.

Although no particular significance is placed on the numerical values because of the stated
limitations on the accuracy of all photo-boundaries, the fact that the values for Wahoo are pre-
ponderantly positive suggest that the source center lags approximately 1,000 feet behind the
outer visible boundary somewhere near the inner edge of the primary base surge. This sug-
gestion is also supported by the observation in Section 3.2 that a source center approximately
1,000 feet behind the photo-boundary is required in correcting the differences between ASEL-
GITR and std-GITR responses at Wahoo Stations CL 4.6 and CR 4.1 (Figures 3.7 and 3.9). For
Umbrella the preponderantly negative values suggest a source center closely associated with
the outer primary photo-boundary or possibly somewhat in advance of that boundary. At the
distant stations, such differences might be ascribed to errors in assumed surface winds, but
, at the closer stations, which constitute approximately 80 percent of all records, the position
of the surge boundary is a matter of photographic record. Use of the NOL radii places the
source center even farther behind the visible surge boundary for Wahoo, whereas for Umbrella
their use moves the source center to an apparently more reasonable 500 feet behind the outer
primary photo-boundary. The distinction that the source center for Wahoo lags far behind that
for Umbrella, however, remains essentially unchanged.

As already indicated, existence of an invisible radicactive material in advance of the primary
photo-boundary might be the result of an overexposure in the photographic printing process. In-
deed, the anomalous behavior shown by Station DRR 12.8 during Wahoo is probably due to such
photographic disappearance. If the section of the primary surge boundary that finally intersects
this station is assumed to expand from its 2-minute position in a manner exactly similar to the
remainder of the surge, the source center lies behind the primary photo-boundary at a positien
similar to that observed at other Wahoo stations. Nevertheless, an exactly similar disappear-
ance could result from evaporation at the outer surge boundaries. Under the appropriate am-
bient conditions, the base surge droplets could evaporate leaving a more or less invisible
radioactive aerosol. Thus, these differences in source center position relative to visible
boundaries suggest that, although the airborne radicactive material is often closely associated
with the visible material, smch asseociation cannot be tacitly assumed.

In the preceding general discussion the Wahoo base surge is described as a double toroid
having a number of diffuse clouds at {ts center whereas the Umbrella base surge is described
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as a single toroid with an essentially cloud-iree center. Both surge structures are supported
by photographic and radiological evidence. The general photographic evidence has been pre-
sented; however, with the boundary plots a more precise inspection of the proposed radiological
structure is possible. The dose rate records, including those from shipboard instruments,
from both shots may be placed into one of four major categories, three of which may be further
subdivided on the basis of relatively minor differences. - These characteristic types of gamma
records are described and given letter designators as follows:

Type M: A single, rcunded major dose rate peak followed by a relatively smooth decline in
dose rate {typical record, Figure 3.66).

Type N;: An abrupt rise to a single major dose rate peak ( sometimes sharp) followed by a
rough tat steeply sloping plateau (typical record, Figure 3.77).

Type N,: A more gradual rise to a somewhat rounded major dose rate peak, which grades
into a steadily declining series of lesser peaks {typical record, Figure 3.95).

Type W, : An abrupt rise to an initial dose rate peak followed by 2 pronounced V-shaped
valley and then by a more or less prolonged plateau containing 2 number of prominent dose rate
peaks, some of which may be larger than the initial peak ({ypical record, Figure 3.69).

Type W,: Roughly similar to W, except that the initial dose rate peak is not followed by a
pronounced valley (typical record, Figure 3.70j.

Type U;: A very sharp initial dose rate peak followed by a broad U-shaped valley and then
by a prolonged rounded rise in dose rate which i{s usually considerably lower than the initial
peak {typical record, Figure 3.88).

Type Up: A sharp initial dose rate peak follcwed by a second broad peak one or two orders
of magnitude lower, sometimes followed by a series of steadily decreasing lesser peaks (typi-
cal record, Figure 3.81).

The records obtained from each station have been classified in accordance with the types
described. This information together with the manner of base surge transit is summarized in
Table 3.11. An inspection of this table reveals a close correlation between M and N records
with specific transit conditicns. On both shots, the M record is obtained {from stations missed
or nearly missed by the base surge. Similarly, on both shots the N records usually represent
situations where only an edge of the base surge was intercepted. The N records may be tenta-
tively subdivided into two classes showing differences between the two surges even for partial
transits., These differences become definite when the W and U records are considered. Both
types of records represent 2 more or less total cross-section of the base surge. For Wahoo
there are 8 W records and none of the U, whereas for Umbrella there are 13 U records and
only 1 W record. I allowance is made for overturn, these records indicate a base surge con-
figuration characteristic of the specific nuclear detonation.

For Wahoo, these differences are further substantiated by an analysis of the correlation be-
tween the photographically and radiologically postulated intersurge decrements as summarized
in Table 3.11. All Wahoo central transit records, except the most distant, exhibit a valley
{Appendix F) or dip in dose rate between the transit time of the inner primary photo-boundary
P; and that of the outer secondary smooth boundary Bg. The two cases where the valley occurs
just outside of the expected time interval are not considered sufficient to vitiate the argument
for such an intersurge decrement. Similarly, the absence of a valley at 24,000 feet downwind
can easily be the resuit of prolonged diffusion and turbulence, Since the valley is not pronounced,
the separation between the two base surges i{s apparently small enough so thatthe GITR responds
to the sum of the dose rates from both sources. The gamma records are not sufficient to dis-
tinguish between two overtapping surges or two entirely separate surges as sugpested by the
cloud-free annulus visible in later aerial photography. Furthermore, the absence of a pro-
nounced decrease in dose rate during the closest approach of the Wahoo surge center indicates
an absence of a central decrement. The photographically ebservable clouds in the center of the
Wahoo base surge may represent additional degenerate surges. The downwind dose rate records
for Wahoo might, therefore, have been produced by a sequence of surges that moved outward in
the downwind direction, and later to a similar but more diffuse sequence that moved initially in
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the upwind direction but were then transparted downwind after their initial energy had been
dissipated against existing surface winds. Alternatively, originally coherent masses of radio-
active aerosol could have been broken up by turhulence and small variations in wind structure.

The simpler Umbrella dose rate records show no evidence of an intersurge decrement but
indicate a comparatively large central decrement, a structure again correoborated by aerial
photography. The fact that this central decrement is recorded at coracles experiencing only
an inner edge transit (U 1.8, CL 3.1, DLL 6.8, DRR 3.9; Figures 3.80, 3.83, 3.85, and 3.94
respectively} indicates that the central decrement is at least as large as 3,000 feet in radius.
Thus, both the photographic evidence and the simpler dose rate records suggest that a rela-
tively large nomradioactive cenier was followed by the rapid passage of a compact, highly radio-
active aerosol over the stations and then by the longer transit of a more diffuse cloud, which
again probably represents base surge originally moving in an upwind direction. Similar con-
clusions on the general structure of both base surges are arrived at using the hypothetical
surge center H (Section 3.3.4; Figures 3.120 through 3.127).

Further analysis of the Umbrella central decrement is complicated by the presence of white
water, by expansion of the base surge torus, and by the fact that no two stations record exactly
the same transit. After radial expansion ceases, inward diffusion of the surge boundary might
be expected to eradicate any central decrement; however, there is only indirect evidence for
any such process. Of the four coracles providing central transit records, two overturned dur-
ing transit; therefore, any comparison must be made between coracle and shipboard records.
Because of the possible persistence of radiocactive aerosols in the neighborhood of obstructions
causing turbulence (Section 3.4.3), this particular comparison is not desirable. The minimum
normalized dose rates during central transit for Coracles DL 6.2 and DL, 16.0 are 29 r/hr at
3.70 minutes and 37 r/hr at 7.80 minutes, respectively, whereas those for the three destroyers
in order of increasing distance from surface zero are 400 r/hr at 2.18 minutes, 160 r/hr at
2.30 minutes, and 35 r/hr at 3.91 minutes, respectively. All usable records suggest that ex-
pansion of the central decrement ceased after about 3 minutes. Since the outer base surge
boundary is photographically observed to continue radial expansion until at least 6 minutes,
this earlier stabilization of the inner boundary may be the only evidence for inward diffusion.
Coracle D 4.8, although overturned, was not quite in white water at the time of central transit;
thus, its minimum normalized dose rate corrected for attenuation (110 r/hr) may be tentatively
included in the above comparison.

The continued persistence of gamma activity after final transit of the surge photo-boundary
is a phenomenon frequently observed for both shots. Generally, gamma records showing the
1ongest persistence are those from coracles that experience central transits or are located
where turbulence from target ships upwind is possible. A number of explanations for the ob-
served persistence are possible; the simplest, however, i5 that turbulence resulting from
passage of the base surge over the ocean surface and around large obstacles separates diffuse
radioactive remnants, which stream out behind the surge. Indirect evidence of surface drag
forces necessary to the formation of such remnants {s implicit in the photographic observation
that, in later time, the base surge torus tends toward an ellipse with its major axis in the di-
rection of the surface wind (Reference 81). For brevity, these postulaied remnants are re-
ferred to as “tails.” Simple hydrodynamic considerations indicate that the length of such tails
should increase with increasing distance downwind of surface zero and should decrease as the
transit path approaches the crosswind edge of the base surge torus. Although interference by
target ships must be considered in nearly all cases, the persistence in dose rate expected of
the suggested tails roughly fits such predictions.

In cases where target ships are involved (Table 3.11), prolonged gamma dose rates may be
caused by both ship retardation and by streaming of surge remnants detained ir turbulent eddies
generated by the superstructure (Section 3.4.2). Surge retardation by the target ships, apparent
in base surge photography (Reference 91), is not detectable in surge arrival times derived from
the gamma dose rate records. The prolonged dose rate records after surge transit.may, how-
ever, be radiological evidence for such retardation. If the postulated tails following the base
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surge proper and temporarily streaming from the target ships are accepted, the fact that Um-
brella tails are consistently somewhat shorter than Wahoo tails may indicate another difference
between the two base surges. Shorter tails, for instance, might be expected from a higher,
thinner base surge torus presenting a smaller basal area to surface drag.

Alternative explanations for the persistence of the dose rate record after surge transit in-
clude: (1) changes in wind speed and direction after downwind surge arrival, (2) continued
surge expansion or increased eddy diffusion resulting in a thicker base surge torus, (3) pres-
ence of a second radioactive aerosol moving above the surface base surge at a different speed
or direction, or {4} the prolonged generation of a radicactive mist by some process of white
water out-gassing or wind dispersal of foam. Full evaluation of all these possibilities was not
attempted, although each was investigated briefly before the tail hypothesis was selected as
the most probable on the basis of the observed gamma records. Other surface wind speeds
(or directions) within the reported limits of variation (Table 3.1) not only fail to eliminate all
observed tails but also frequently create apparent tails at crosswind locations. Furthermore,
because these assumed changes are only applicable after the last photographically established
base surge position, they must often occur after the downwind surge transit but before arrival
of the upwind surge (Appendix F). The time of the presumed change would thus differ for the
various coracle positions. Continuous radial expansion or greater eddy diffusion of the base
surge partially eliminates the observed tails at some locations (particularly for Umbrella) but
requires either longer fails or, in some cases, negative tails at other locations.

More recent calculations using surge toroids having somewhat greater radii than those as-
sumed in this report fit some downwind gamma records very well; therefore, this postulate is
the most probable alternate to the tail theory described above. The postulated influence of the
atoll reef should also be remembered when considering any later base surge expansion. A
radioactive cloud moving at higher altitude also appears unlikely. For Wahoo, no such upper
cloud was photographically detected nor is any significant wind shear reported up to an altitude
of 5,000 feet (base surge height is 2,000 feet). The Umbrella case is more favorable, since a
diffuse remnant of the central celumn was photographically detected; however, this remnant -
moved centrally with the base surge torus. Again, no significant wind shear is reported up to
an altitude of 5,000 feet (base surge height is 2,000 feet), although some shear is apparent in
surge photography (Reference 91). Finally, although a mist emanating from white water was
observed for a period of 13 to 14 minutes after Umbrella (Reference 91) and may also have
existed undetected aiter Wahoo, such tertiary processes shouwid not coniain as much radicactiv-
ity as a secondary process derived from base surge directly. Furthermore, the dose rate
record of such a radicactive mist would be expected to terminate gradually rather than abruptly
as is observed for base surge, None of these alternative explanations can, however, be defi-
nitely eliminated or accepted without anzlysis that is beyond the scope of the project.

During the discussion above, a number of structural differences between the base surges
generated by the two underwater nuclear detonations have been indicated. The Wahoo base
surge appears to be a double toroid with the primary and secondary surges separated by an
essentially surge-free annulus (intersurge decrement). The center of the second torus con-
tains a number of diffuse clouds, which could represent additional degenerate base surges.
The source center (Appendix F) appears to be situated well behind the visible surge front,
somewhere near the inner boundary of the primary base surge. The Umbrella base surge is
much simpler in comparison, being a single torus with a large surge-free central decrement,
although faintly visible remnants of a central column are observed to move with but above the
base surge. The source center appears to be situated at or in advance of the visible surge
front.

Some indirect evidence suggests that the Wahoo surge may have a greater horizontal thick-
ness than the Umbrella surge; this observation, however, could simply be 3 result of the
former’s compound structure. Preliminary studies indicate that the Wahoo explosion bubble
went through its first maximum expansion and surfaced just prior to its first minimum at an
internal pressure somewhat greater than atmospheric. Conversely, the Umbrella explosion
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bubble broke the sur:iuce well before its first maximum expansion, at a time when its internal
pressure was less than atmospheric; therefore, an implosion is possible. These differences
appear to be borne out by the two base surge structures, which suggest a different sequence of
events in base surge genesis. The two processes might be distinguished by the terms “exogenic”
(eruptive} and “endogenic” (irruptive) base surge generation. Such speculations are actually
beyond the scope of this report, and this summary is presented to suggest that a more rigorous
analysis of surge structure might provide additional information on bubble action at the surface
and subsequent surge generation. _

In some cases, the gamma dose rate record continues even after any reasonable final transit
by the surge tails postulated above. Typical examples of such records are those from Coracles
CL 3.9, CR 4.1, and CR 5.2 for Wahoo and Coracles CL 3.1 and DRR 3.9 for Umbrella {Figures
3.67, 3.77, 3.78, 3.83, and 3.94]. Between 5 and 15 minutes after zero time, these records
show an irregular series of sharp dose rate peaks ranging between 3,000 and 6,200 r/hr. These
peaks are undoubtedly due to bodies of waterborne radioactive material. The important sources
are water directly contaminated by the detonation (white water) and small patches of radioactive
foam, the existence of which is discussed in Section 3.3.5, Of the two sources the foam would
have the more pronounced effect, since it would be largely unshielded. Small patches of foam
approximately 100 feet in diameter, moved by the wind past a coracle, could produce the sharp
dose rate peaks cbserved (Sections 1.3.1 and 1.3.2).

Although the shape of the observed dose rate peaks favors the foam hypothesis, the evidence
is at best circumstantial principally because the white water contribution to the observed dose
rate cannot be positively eliminated; only Stations DR 4.5 for Wahoo and DRR 3.9 for Umbrella
{(Figures 3.71 and 3.94) provide definite evidence of waterborne activity that cannot be white
water. Interpretation of the waterborne record is further complicated by drifting coracles
after Wahoo and overturned coracles after Umbrella. Calculations indicating the most probable
movement of waterborne radioactive material are included in Table 3.11. The white water
boundaries used in this analysis are reproduced in the transit plots (deflned in Appendix F).

For Wahoo, expected arrival and cessation times for foam were calculated for various as-
sumed sets and drifts, using the measured distance to the closest and furthest white water
boundaries at a known time and allowing for the movement of drifting coracles. Sets ranging
from 250° T (average direction of coracle drift) to 302° T (Reference 82) and drifts of 1, 2, and
6 knots were used. Movement toward 270° T at 6 knots is both in reascnable agreement with the
observed gamma dose rate records and is compatible with the official surface wind direction and
reported ocean currents (References 53 and 93, and project observations). Similarly, white
water arrival and cessation times calculated on the basis of a set and drift of 270° T and 1 knot
are also in reascnable agreement with the observed gamma records, although sets of 250° and
302° T give equally good or slightly better comparisons.

For Umbrella, foam is again assumed to move with the official surface wind, but a speed of
2 knots compares more favorably with the observed dose rate records. The slower rate of
foam movement may possibly be due to smoeother water conditions inside the lagoon. Since the
effect of the atoll reef on waterborne movement cannot yet be properly evaluated, no compari-
sons are made for coracles outside the lagoon. The assumption that white water moves with
the surface wind at 1 knot yields arrival times comparable with the gamma records but results
in times of cessation that are much too early. An assumed radial expansion at 0.5 knot gives
better general agreement with the gamma records and observed expansion rates. Since the
limited current data available for lagoons (Reference 94) indicates surface currents about 1.8
percent of wind speed, the assumed radial expansion appears at least reasonable. For Um-
brella, it is also assumed that the white water is composed largely of radioactive bottom mate-
rial, which sinks with a speed comparable {o that observed in the laboratory for Umbrella
crater material, viz, 0.96 m/hr. On the basis of water shielding alone, such a sinking rate
would result in a decrease in dose rate of 1 decade in the first 21 minutes of settling. Such
decreases are observed at the close-in stations after {Ymbrella (Section 3.3.5).
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KEY FOR TABLE 3.11 AND FIGURES 3.66 THROUGH 3.96

1. Gamma dose rate record: Gamma dose rate versus time corrected for instrument response; type of
detector indicated. Normalized rate curve for instrument shown from 1 minute until end of record.

2. Transit plot: Plan view of various surge boundaries at beginning and end of transit. Boundaries shown
for times indicated. Letter designators for boundaries same as those given in tabulated section of this key.

3. Tabular data: Same key ls applicable for Table 3,11.
General: Letter designators and other general symbols used (n table:

- = no data svailable { ) = value {8 estimated { } = see notes for boundary plot

CA = point of closest surge approach mag = observation expected but not observed
cale = calculated dats msk = observation masked by a concurrent event
CR = point where B, recedes n.a. = not applicable, occurrence is unlikely

DD = drifting NC = not central decrament

ED = inner edge influences neg = negative value

EX = expanded surge boundary RF = reef station

OL = station outaside lagoon sat = instrument saturated

OV = coracle overturned WW = interference due to white water

oba = observed data XTP = extrapolated data

poss = possibly
Records: records given are compiete unless parenthetically indicated or modified as stated.

Modifying conditions: basis of estimated time of overturn given In parentheses: (no 2nd rise) = the
instrument failed to record the passage of the upwind surge accurately, (sec-GITR track) = the secondary
GITR tracked the std-GITR unti] the time of the estimate. GITR OK = gtd-GITR was not damaged by over-
turn. GITR damaged = 8td-GITR damaged by overturn.

Types of translit are illustrated in Figure 3.63; the letter designators used are:

C = central {ransit SN = skirting transit, an upwind event

D = distant transit TN = total envelopment, an upwind event

E = edge transit TTC = transit thru the center, center passes at
1E = inner edge transit ) 1.000 & or less

OE = outer edge transit

PN = partial transit, an upwind event

H

Types of records: more fully described in Section 3.3.2; the letter designators used are:

M = record typical for station W; & W, = characteristic Wahoo records

almost missed by surge Uy & U, = characteristic Umbrella records

Ny & Ny = records typical for
stations experiencing
an edge transit

Surge boundaries: These and other surge parameters are illustrated in Figure 3.683, the letter
designators used are:

]';‘.1 = inner primary smooth boundary NOL = NOL smooth boundary

B, = outer primary smooth boundary P, = inner photo-boundary of primary surge

B; = outer secondary smooth boundary P, = outer photo-boundary of primary surge

H = hypothetical surge center SD = outer photo-boundary of secondary surge
X = photographic surge center
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Total surge: no:. . .zed dose cumulated over time indicated.

Surge boundaries: photo-TOA and photo-TOC given for outer primary photo-houndary only; distance
and 1immach of X given if <5,000 feet; rad-TOA = average of 38 and 100 percent of TOP;
rad-TOC = time normalized rate curve drops below 10% r/hr; source center = distance of P, at TOP (time
of peak); length of tail calculated using official surface wind speed.

Approach velocitles: Phota-velocities calculated for boundary indicated at specified distances
greater than that at TOP. Rad-velocities calculated for rise from 5 to 100 percent of peak for models in-
dicated (see Sectlon A.3).

Waterborne sources: Calculated water and foam movements for drifts and sets or radial expansions
indjcated.

Bomb-generated waves: Calculated as described in Section 2.3.2.

4. Boundary plot: Distance of varicus surge boundaries shown as a function of time; normalized rate
curve with logarithmic scale superimposed; calculated water and foam movements shown at bottom, values
in brackets are read from dashed boundaries, which compensate for photographic disappearance of the
surge (see text).
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Only a few of the gamma records require additional individual interpretation. The Wahoo
record from Coracle CR 4.1 (Figures 3.77 and 3.164) may be useiul for determining the decay
rate of water directly contaminated by the detonation. This coracle overturned at an estimated
time of 1.1 minutes and remained at its moored position until approximately 8 hours after zero
time. White water reached the coracle at approximately 6 minutes and remained in the vicinity
for about an hour. When recovered, the instrument well of this coracle contained about an inch
of radicactive water {(approximately 180 liters, reading 160 mr/hr at 75.6 hours), which pre-
sumably represents a sample of white water taken sometime within the first hour after the deto-
nation, The D- to 6-hour record for CR 4.1 (Figure 3.1%4) is a smoothly decreasing decay curve
from abou! 30 minutes to the end of the record. Since the std-GITR dome is sealed directly to
the instrument well cover, this record is then a decay curve for white water obtained through
approximately ¥4 inch of aluminum.

The gamma record from Coracle CL 6.0 for Umbrella (Figure 3.84) represents a distant
transit, but the observed dose rate is complex, showing a second rise in dose rate higher than
the first, an occurrence which at first appears contradictory. A number of similar sccurrences
are revealed when the normalized rate curves for other distant or edge transits are inspected,
viz, CL 4.6 for Wahoo and CR 4.9 for Umbrella (Figures 3.6€8 and 3.9G, respectively). Such
recaords are probably caused by a temporary decrease in surface wind speed at a time when the
base surge is still actively expanding.

All free-field gamma dose rate records, together with their respective boundary plots,
transit plots, and additional tabular data, are presented on the pages that follow. Coding must
be used in order to condense a maximum amount of information into a minimum space. The
coded designators have been selected so that, with some familiarity, their meanings should be
immediately apparent. Many of the terms or coded designators have already been explained
in the text of this section; however, all designators and special conditions of tabulation are
fully described in the keys preceding the free-field records themselves or at the front of Ap-
prendix F.

3.3.3 Free-Field Isodose Contours. The principal sources of contour data are: (1) cumu-
lative doses at various times after zero time from the std-GITR for the early time contours,
augmented in the final contours by (2) film pack information. The GITR cumulative doses are
presented in Table 3.9 and all film pack information is summarized in Table 3.12. Oblique
photography of the base surge taken by aircraft circling the event at an altitude of 10,000 feet
and a slant range of approximately 23,000 feet was used to check contour shapes against base
surge positions at early time, (the estimated accuracy of these surge boundaries is presented
in Section 3.3.2).

The total cumulative dose recorded by a std-GITR and the total dose registered by a NBS
film pack installed at the same location show good correspondence {Figure 3.97). Similar cor-
relation has been previously reported for similar combinations of film packs and recording ion
chambers (References 33 and 132). Both the directional and energy response of the NBS film
packs are considered compatible with the std-GITR (Section C.4). Thus, the film pack dose
may be converted to an equivalent total GITR dose by the factor of 1.25, the slope of the straight
line through the data plotted in Figure 3.97. Tripod film packs (Section 2.2.5) are considered
directly comparable with the std-GITR when the coracle did not overturn, whereas FFP's are
converted to an equivalent std-GITR dose by comparing them with the float packs attached to
nearby coracles. The variation between the three types of film packs is usually small, being
caused primarily by differences in the total solid angle of the radiating cloud subtended and by
the effects of radioactive water. The few large discrepancies between a tripod and an FFP
dose"may be explained by overturn and subsequent passage of radicactive foam (Section 3.3.5).

The contours presented in this section are constructed by nieans of the logarithmic method
described in References 95 and 86. All cumulative dose information is first converted to an
equivatent std-GITR dose for a given station. These data points are mapped and then connected
by straight lines along which the difference in dose between the two positions is marked off ac-
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cording to a logaritsniic scale. The contours are then constructed through the rosultant field
of logarithmic scales. The first isodose contours to be constructed are the final contours,
since all information for a given shot can be used. After this map is completed, the contours
for earlier times are constructed {rom the final map with the aid of photographic information
on base surge shape and position.

All isodose contours presented suffer {rom the fact that the point density is too low to permit
reliable constructicn. Maximum reliance is placed in the final isodose contours (Figures 3.103
and 3.109) in which 21 data points have been used for the Wahoo construction and 79 for Umbrella.
Since no film pack information and only a portion of the total GITR array may be used in the con-
struction of the early time contours, these contours are no better than estimates based on the
limited data available and complete familiarity with conditions in the field at the time of the shot.
On the basis of reliability, only the final coatours should be presented, and even this presenta-
tion in the case of Wakoo may be questioned; however, since it is realized that a series of iso-
dose contours at various times shortly after zero time are needed and will probably be con-
structed by persons making an operational analysis of ships maneuvering in the vicinity of an
underwater detonation, the estimated isodose contours at these earlier times are also repro-
duced (Figures 3.98 through 3.102 and 3.104 through 3.107). These contours are, therefore,
presented under the assumption that estimates made by persons completely familiar with all
currently available information and with the situation in the field at the time the measurements
were made are preferable to no information whatsoever. All contours, especially those for
early times, must, however, be used with caution. _

The protrusjons shown in some early time contours and in the final contour for Wahoo may
be questioned; however, those for Umbrella appear to be supported by sufficient data to be
accepted. Such protrusions might have been caused by discrete bodies of radioactive aerosol
moving only along specific radii. Alternatively, discrete masses of radioactive aerosol might
have been propelled ahead of the rapidly advancing piumes and thus might have arrived at times
substantially ahead of the main body of activity along a given radius. There is some evidence
for this latter hypothesis in plots of base surge radius versus time (Section 3.3.4). Although
the data is insufficient to substantiate either hypothesis, the requirement in both cases for a
relatively small, discrete bedy of radioactive aerosol should be noted, since this notion is
contrary to the usual concept of massive toroidal expansion.

Plots of GITR cumulative dose at various times versus distance {rom surface zero may be
more useful than contours for the operational analysis of situations involving moving ships,
since the direction of the surface wind and the approximate location of surface zero are the
two factors having the highest probability of being known., The basic cumulative dose informa-
tion has been discussed in Section 3.3.2 (Table 3.9), and the plots for 1, 2, 3, and 5 minutes
and 6 hours after zero time are presented in Figures 3.110 through 3.119. The points are
somewhat scattered, particularly for cumulative periods less than 5 minutes, a fact that is
probably a result of the variable nature of the contaminating event at close distances. The
plots for Umbrella also exhibit a hump or plateau extending to approximately 7,500 + 1,500
feet, a distance that corresponds to the peint at which the radial expansion of the base surge
essentially ceases and the principal transport mechanism becomes the surface wind (Section
3.3.4). Tt is possible that this change in transport mechanism is reflected in the cumulative
dose.

Further information useful in a study of cloud dynamics is obtained by plotting the dose rate
versus distance from the moving cloud center, a presentation that should correct for the efiects
of surface wind. Although considerable latitude exists in the choice of surface wind, the plot is
reasonably insensitive to changes of the same order of magnitude as those listed in Section A.4.
Consequently, the surface winds reported by the Task Force (15 knots from 090° T for Wahoo
and 20 knots from 050° T for Umbrella} were used to compute the location of a hypothetical
surge center H at various times. The distance of all stations {rom this moving hypothetical
center were determined graphically and are summarized together with dose rate infermation
in Table 3.13. Only the data for the {irst 5 minutes has been plotted in Figures 3.120 through
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3.127, since at later timeas the fact that the center of the radioactive cloud and the center of the
radioactive water are separated by a considerable distance makes interpretation difficult. The
most probable position of the radicactive cloud is indicated in these plots as a shaded area: the
points not included in this area are considered to be dose rates arising primarily from radioac-
tive water. These plots are too scattered for any precise cloud shape to be established; how-
ever, they do indicate that the radioactive cloud for Wahoo is apparently continuous through its
center whereas {he center of the Umbrella cloud was relatively free of radiocactive aercsol.
These general distrimnions of airborne radicactive material have already been suggested in
Section 3.3.2, and the presentation in this section is simply a means of summarizing the dose
rate information from all stations in a single plot.

3.3.4 Transport Phenomena. Analysis of transpart phenomena has been performed only to
the extent necessary to interpret the gamma dose rate records. The material presented in this
section is again based upon an analysis of the GITR records and surge boundary positions de-
rived from photography as described in Section 3.3.2. The limitations of this preliminary treat-
ment have been explicitly stated in Section 3.3.2. In general, however, there is reasonable
agreement between data derived from photographic positions of the surge (Section 3.3.2) and
that determined by use of the hypothstical surge center H (Section 3.3.3, and this section).
Although the individual numerical values can only be accepted within wide limits of error, the
internal consistency of data from several diiferent analytical treatments is considered indica-
tive of the validity of the general interpretation.

Time of arrival {TOA) {see Appendix F) of radioactive material at a given station is the first
cbvious parameter for inspection; however, TOA may be defined as (1) time to the {irst pro-
nounced increase in dose rate, (2) time to first peak in dose rate, or (3) time to some specified
point on the increasing slope of the first major dose rate peak. The last definition of TOA is
undoubtedly best, yet the selection of the specific point depends on the base surge model as-
sumed. By use of the computed dose rate curves for the approach of various hypothetical cloud
models (Figures 1.9 and 1.10, and Section A.3), an average TOA may be defined as 38 percent
of peak dose rate for any of the 60° cloud models, as 54 percent of peak for the 90° models over
1,200 feet in thickness, or as 74 percent of peak for 90° cloud models in the neighborhood of 400
feet thick. Accordingly, TOA has been read from the standard GITR records for 38, 54, 74,
and 100 percent of the first major peak in dose rate. These values are tabulated in Tawvie 3.14.
The average of the 38- and 100-percent values is frequently used for the radiologically deter-
mined TOA (rad-TOA). This value is given in Table 3.11; as also indicated by this table, the
photographicatly determined TOA (photo-TOA) occurs after the rad-TOA for Wahao, whereas
the reverse is true for Umbrelia.

A comparison between various photographically and radiologically determined approach ve-
locities (discussed later in this section) indicates some preference for the thicker cloud models
and a more deiinite preference for all 60° cloud models. Since only rough general agreement is
shown, no positive selection of cloud models can be made; however, if the 60° cloud models are
accepted, the 3B-percent TOA should he correct for most downwind arrivals, A plot of TOA
thus defined is presented for each shot in Figures 3.128 and 3.129. Since this definition does
net satisfy all observed phenomena, a similar piot of TOA defined as 100-percent peak dose
rate is also presented for each shot in Figures 3.130 and 3.131. A comparison of these plots
reveals that they are relatively insensitive to the definition of TOA.

After the break,
the slope of the best straight line for Wahoo is 15 to 16 knots, which is the $ame as the repoerted
surface wind speed at shot time. For Umbrella, arrival times at the more distant stations show
considerable scatter, which may be due to the effect of the atoll reef (Section 3.3.2). Visual
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approach velocities for these stations are, however, fairly consistent with the reportad surface
wind. It seems reasonable to assume, therefore, that the primary transport mechanism at
downwind distances greater than 7,500 + 1,500 feet is the surface wind. The upwind and cross-
wind arrivals cannot be analyzed in this simple manner, since the radial expansion in these
cases is being bucked to varying extents by the surface wind. Since the TOA at most upwind
and cresswind stations is less than 1 minute, the base surge center can be considered nearly
stationary, in which case radial expansion seems to carry the base surge to distances of 3,000
to 4,000 feet and 4,000 to 5,000 feet in the upwind and crosswind directions, respectively.

Although there are insufficient data points to be conclusive, these TOA plots suggest that the
base surge may have moved 2t difierent speeds in specific downwind directions. For Umbrella,
the slopes of the best straight lines through all stations at distances greater than 6,060 feet on
legs DL, D and DR indicate apparent speeds of 35, 23, and 17 knots, respectively. Since sur-
face winds have been 2s5swmed {0 be the primary transport mechanism at these greater distances,
the suggestion of different radial speeds is apparently contradictory. This contradiction may be
resolved by postulating a nonuniform distribution of radicactivity within the visual base surge
when radial expansion effectively ceases. Since the time intervals required for these masses
to reach the stations concerned are shert, this nonuniform distribution could be reflected as
apparent difierences in speed along specific radii. As previously suggested, this explanation
is at least consistent with the downwind protrusions on the isodose contours presented in Section
3.3.3. Alternatively, variable effects due to the atoll reef discussed later could result in appar-
ent differences in speed of approach.

The rapid radial expansion of the base surge predominating at closer distances is probably
due to collapse of the central column., This transport energy is dissipated at approximately
7,500 feet downwind of surface zero and at smaller distances in the upwind and crosswind direc-
tions. Although average downwind radial velocities for this expansion have been approximated
by determining the slope of a straight line through these closer points, the treatment oversim-
plifies the situation, since the decrease in radial velocity with distance from surface zero is
probably not linear and since wind efiects are tacitly ignored.

More reasonable estimates of base surge approach velocities can be determined both for the
visible surge from the boundary plots (Section 3.3.2) and for the airborne radicactive material
from an anmalysis of the rate of rise to the first gamma dose rate peak. The visual approach
velocity may be czlculated for either the primary photo-boundary P, or the outer smooth bound-
ary By. Since the distance of both boundaries as a function of time is given in the boundary
plots, the slope of the appropriate curve at some time (or distance) prior to surge arrival
vields the desired velocities. In most instances, these slopes are changing rapidly; thus, the
approach velocities are quite sensitive to the point at which the slope is determined. The most
informative comparison is that between the photographically and the radiologically determined
approach velocities; therefore the points are defined with respect to the time of peak dose rate
{TOP). Visual approach velocities are determined for times when P, or B, are 100, 200, 300,
‘and 500 feet more distant than at TOP. These velocities are presented in Table 3.15 {estimated
values enclosed in parentheses). Agreement between the approach velocities determined for the
primary photo-boundary and the outer smooth boundary indicates a relatively even surge outline
in the neighborhood of the station; conversely, large discrepancies suggest lobes or irregularities.

The approach velocity for the airborne radicactive material is determined by the rate of rise
(r of r) to the first major gamma dose rate peak (hence the r-of-r velocity). To determine ve-
locity in this manner, some shape has t5 be assumed for the approaching body of airborne radio-
active material. The radiation intensity for several cloud models has been calculated as a
function of distance between the cloud source and the detector (Section 1.3.2). Assuming that
these models approximate actual surge shapes, the distance required for an increase in dose
rate from 5 to 100 percent of peak value may be obtained from these computed intensities. This
distance divided by the time required for a similar increase in recorded gamma dose rate yields
a velocity of approach dependent upon the cloud model assumed. These approach velocities cal-
culated for a aumber of ¢loud models using a gamma energy of 1.25 Mev are presented in Table
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TLRLE 3.15  VIZUAL ~PPRCACH VELOCITIES

Fo/3, determined at irdicatcd distances grezter than
mecsurer boundtry distonce at TCF.

minus rinus minus mirms
10C 7t 200 Tt 300 £t 500 £t
(k) (k) {&) (k)

WAHOO
U 4.5 =&, 22 -2/-5 /-7 2/
CL 3.9 37,19 39722 48/ 24 L5740
CL k.6 13/5 16/7 6/12 25,21
DL 7.1 11/20 15,20 16,20 20/20
D 3.0 11,28 12/25 1,2k 15/34
DR 4.5 17,20 1&/20 13/20 13,20
DR 9.0 32/13 32/13 32,17 3227
DR 14.% 14/16 15/16 16,14 15,1k
DR 24.0 16,14 165,14 16/14 15/14
IRR 6.8 b1k 18/17 16/19 26/2h
DRR 12.8  19/19 19,19 19/19 22:19
CR k.1 25/17 29/26 L6/48 60,69
CR 5.2 6/7 8/1k 21/23 33/L45
CRE.L  commeeees (26)/(3) at 1.5 min-cemmcommcanao.
EC-2 fwd 32/36 32/36 32/36 32/36
DD-593 sthd 17/26 17/26 17/26 17/96
UMBRELLA
U1l.8 = cocmmmmcccem—————- (MO-B0 Yoo
U 2.7 = cmececmmmmame—ma- (3585 ) e
U 3.9 = eeecmecccccmaaaa- (20-25 ) s ccemc e
oL 3.1 T 1 P —
CL 6.0 6/7 17,9 23/11 37/15
DLL 6.6 17/12 18/12 18/13 20/15
DL 5.2 20/19 21/20 22/21 26/ 26
DL 16.0 20/21 20,21 20/21 20/21
D 2.7 = mmmememmmmem—enoo- (B0-T0) e mm e
D 4.8 38/32 L/ 38 L5/46 52/53
D 18.2 15/15 15/15 15/16 15/15
D 22.0 13714 13/1h 1h4/1k 14/15
DR 12.2 3/7 b/10 5/11 9/12
DR 18.6 L/3 5/ 5/5 /7
DRR 3.9 27/50 27/52 30/55 55470
TRR 6.7 6/5 7/6 / 12/11
CR 4.9 12/16 16/22 19/32 35/6
EC-2 fwdl  mmmemmemmmoemoaoos (40-60% -----------------
DD-bTh 8tbd —evooo oo {40-50)-mmemm e m e
DD-592 $tHA  —-cceccmmeeoo- ~= (B0=50)mmmmmm e
DD-593 port 12/14 10/13 9/13 9/11
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3.16. The obvious difference between the assumed cloud models, which describe the approach
of a linear cloud front, and true base surge, which probably approaches as a segment of a
circle of finite radius, is negligible for the large surge dimensions cbserved.

As stated above, only a rough general agreement exists between the visual and radiological
approach velocities (Tables 3.15 and 3.16). The most favorabie comparison is obtained for the
visual approach velocity determined at minus 500 feet, Lack of better agreement is probably
due to variations in the generation and behavior of different segments of total base surge and
to uncertain knowledge of local surface winds. Further difficulties are caused by double spikes
{Appendix F) in the first major peak and by obvious changes in the slope of the dose rate curve,
which are associated with base surge emergence at early times {Section 3.2). R-of-r velocities
determined for rises from 1, 5, and 10 percent to 80 and 100 percent of peak in an attempt to
circumvent these difficulties do not yield any signi{icant improvement. The 5- to 100-percent
determirations are simply presented as representative. Thus, although the comparison be-
tween visual and radiclogical approach velocities gives somewhat better agreement for the
thicker 60° cloud models, distinctions made on this basis may be entirely fictitious. The rough
general agreement between the visual and radiological approach velocities does suggest that the
visible surge and the radiocactive aerosol are moved by the same mechanical forces but does not
necessarily imply that they are the same bedy of airborne material.

The velocities tabulated in Table 3.18 represent a best estimate of the speed with which the
major radiating source approached the detector. They are, therefore, the vector sum of the
velocity due to radial expansion and the surface wind velocity. An approximate value for the
radial velocity may be deduced from the approach velocity by assuming that movement of the
photographic surge center X (Appendix F) actually represents local variations in surface winds.
The instantaneous radial component of the local wind at the rad-TOQA for each station can then
be estimated and is presented in Table 3,17. This radial component is small for rad-TOA’s
less than 1 minute, because the surge requires about that amount of time to accelerate to sur-
face wind speed. The appropriate approach velocities corrected for the wind component repre-
sent radial velocities due to expansion and are also presented in Table 3.17. The negative
velocities obtained at DR 9.0 for Wahoo may reflect possible ship retardation (Section 3.3.2)
whereas those obtained at the more distant stations for Umbrella probably indicate that local
wind variations based on movements of the photographic surge center X do not necessarily
correspond to those existing at the surge periphery.

For both shots, records from the Eniwetok weather station show enough variation in both
surface wind speed and direction to cause errors in the computed radial components as large
as =5 knots. These approximate radial velocities are plotted for Wahoo and Umbrella in Fig-
ures 3.132 and 3.133. Because expansion of the base surge into an opposing wind would tend
to increase the angle of the front, radial velocities derived from the 90° cloud model are used
for the upwind siations. Velocities derived from the 60° model are used in all other directions.
Cloud thicknesses of 1,600 feet and 1,200 feet are used for Wahoo and Umbrella, respectively.
The scatter in the radial velocity data is partially due to uncertainties in the basic assumptions
underlying the calculations but may also be due to actual differences in the initial velocity of
expansion'along specific radil. Furthermore, local vertical surge development caused by the
atoll reef could be reflected as an apparent increase in radiologically determined approach
velocity. The high approach velocity reported for Umbrella Station DR 18.6 may represent
such a case. Local vertical development over the reef could increase the radiating area with-
out greatly changing horizontal motion. Such action would result in an apparent increase in
approach velocity.

These approximate radial velocities may be compared with the fluid models of References
97 through 100. In all investigations, fluid columns of a uniform density greater than that of
the ambient fluid were released from rest and their collapse studied photographically. A simi-
lar coliapse has been suggested as the primary mechanism for the formation of base surge.
Unfortunately, Reference 97 is for a solid column, and insufficient information is available in
the published work to make an exact conversion to Wahoo and Umbrella conditions. The data
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PABLE 3.15 VELOCTTY OF APPROACH CAICULATED FROM RATE OF RISE OF STD-GITR

Y=locity of ApProach Velocoty af Apyroack

(5% tc 100% of pear}90° Meder® (%% to L0O% of peak) 50° Model¥

i Cess thicrmtfs  tnlokness thickzess thickness 1tlicxness

S S = = 170G 1 = w0 ft v L0 M = 1200 £ r 400 2

£3] (=) (x} {x} (x) {x}

wAHDO:
U s.5 14 13 11 15 T 12
ez 3.9 b % 23 “0 % z
cL «b c 3 15 = i3
oL 7.1 25 z 20 Fel 20 kT
» 8.0 ks b % 37 2 &
W L5 22 20 15 2k 22 7
xR .0 1 13 n 15 n
R Ohlw - - - - - -
»® 2.0 7 6 6 8 1 5
R ©.O%* 37 Ll 2 bt i3 7
wR 2.9 19 =7 15 2 18 1l
2 oka ot &1 52 72 &b w3
CR 5.2 81 B k-1 45 xn x
CE5.b - - - - - -
-2 M b3 k=] 34 &7 4l 32
o-303 std 28 2% 22 8 27 22
MERTLLA
U8 '3 &r 53 L &4 L7
ya.7 51 o] 50 5 5 ®
G 3.9 26 16 1k 19 5 13
L 3.1 82 6 4y &6 60 &3
CL 6.0 2 20 17 24 21 14
DLL 6.6 k'Y 27 b 33 29 21
oL £.2 62 5 “y 66 60 “3
DL i5.0 2 18 17 22 19 13
D27 100 93 80 u % 72
Du.§ -3 s 8 > w7 3
D2 i2 12 10 14 12 g
5 22.0 1z 10 9 13 a3 8
OF 12.2 7 E] & 3 7 5
R 5.5 13 2 10 i 12 9
¥R O3S ud ik B Su B 34
PR e.T 15 i) 16 2L 18 13
Ry 25 23 20 24 2k 8
W53 part 35 2 27 B 33 26

*Ses Seczict 1,3.2 amd Appeasix A-3.
#+Ncte: record obtained fram sec-GITH.

TABLE 3.17 RADIAL VELOCTITY CF EIPARSION COMPUTED FROM RATE OF RIST CF STU-GTIR
{Moverens of photomraphis 1urge center used Lo extigmatse surZace wind)

Nagozal Bearing and Distance of Rad ~TCA Wind
Position Photographic Surge Center X {avg Camponent (upvird
B% & L00%) Along 558340

Bearing Distance Station  thlcknes *oickness  thicaness

froe Fatlon From Station Ralius =600 It =2 v =0 N

deg (true) Fs3 mn knots Ekncts EncTs ots
WAROQ:
Ubs.5 fexie} 000 1.2% -1.7 28 27 25
CL 3.9 16172 L0 0.85 4.5 46 L2 2%
CL 5.6 13u-1,2 5 1.0 ! 26 b by
DL 7.1 223-1°2 5660 1.48 -12.6 b a 3
8.0 258 530 2.08 -15.8 a w g
DR 4.5 265-1/2 270 1.48 -i2.4 iz 1¢ 3
B 9.0 265-L17 5100 2.80 354 o] -1 -l
IRR 6.8% 286-12 5350 1.28 9.9 3 25 7
IRR 2.8 291-1L,2 7380 4.2 -13.8 T 5 i
TR 4.3 351 R Q.32 +i.8 Th & 3L
CR 5.2 350 ST0G 118 -2 4o w3 20
T v 24T-1/2 5500 0.63 %.6 o4 L5 kS
DD.533 BTk O4l.-1/2 2700 2.61 -1%.9 6 12 ]
UMBRELEA
- 068.1:2 2850 60 451 &0 56 50
vig 065.1, 2 wizs & -9.1 % 25 22
L 3.1 160-1,2 3060 &2 %7 ot =8 a8
cL 6.0 147e2. 2 £1e0 30 +0.7 2L 21 Iy
L 65 5200 55 £.8 27 2 ik
DL 6.2 226-1/2 5150 18 1.2 55 48 32
7 16.0 260 22 -15.0 3 4] -4
D2.7 248 23530 -2 9.1 103 S0 &2
D &3 247422 L2463 B3 8.3 ] E-) 28
D éz 278 8ug0 5L -13.1 1 -2 -4
D 2=.e 275-1/2 5410 92 -1k .0 -1 -3 -£
m 12.2 282 6100 83 -12.7 - £ 5
R 156 2ol 2 L0 86 o1 10 5 5
IRR 2.9 282 *50 ™ «10.5 43 % 2
wWE 6.7 %L £330 81 -7.5 1k 11 5
R ».§ k) 820 ac -3 23 19 1z
DBL592 prt 250-1.2 6200 1.58 -il.e 27 22 P

Toeleud smodeis ussd.
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given by Reference 98, however, has been converted to the Wahoo and Umbrella cases, using

a column diameter D of 2,000 feet and a column height C of 1,500 feet for Wahoo; similar
parameters for Umbrella are 1,800 feet and 5,000 feet, respectively. The cases for a solid
column and for two hollow columns {one with an inner core D, , 67 percent of the outer diam-
eter, and 2 second with an inner core D, , B5 percent of the outer diameter) are computed for
both shots. None of the resultant radial velocity curves compare with those obtained for Wahoo;
three such curves representing the three types of columns have been superimposed on the ob-
served curve in Figure 3.132. All velocities are plotted relative to zero time instead of relative
to the time of base surge formation as suggested by Reference 98. The case for a hollow core,
85 percent of the outer diameter, most closely approximates the radial velocities observed for
Umbrella, and three such curves representing the collapse of columns of three different den-
sities have been superimposed on the observed curve in Figure 3.133. The comparison with
these fluid models is, however, poor at best. The collapse of the fluid models starts with the
column at rest, a static condition that only approximates the actual situation. The collapsing
column, particularly on Wahoo, must have had some initial radial velocity before collapse as
indicated by the throwout plumes. A more extensive study of these phenomena is reguired
before any definite conclusions can be drawn,

The time of cessation {TQC) (see Appendix F} is subject to a number of definitions even
greater than TOA. TOC may be defined either as the time at which the normalized rate curve
becomes essentially horizontal after registering the passage of the main series of dose rate
peaks or as that point at which the normalized rate curve drops permanently below 10% r/hr.
Both TOC’s have been determined for each station, and these values are presented in Table
3.18. A plot of cessation $imes defined either way versus distance is badly scattered particu-
larly for the close-in stations where TOC is influenced both by surge development and by con-
tributiens {rom waterborne radioactive sources. At greater distances, the slope of the data
points roughly approximates the reported surface winds. Since the latter definition of the TOC
sometimes indicated by the abbreviation “norm 10% ¢ 7, is more readily corrected for the ef-
fects of waterborne sources, this TOC is used for the study of the surge tails, the postulated
diffuse remnants which trail behind the base surge (Section 3.3.2). The length of these tails
is computed on the basis of the time difference between the photo-TOC and the rad-TOC, using
the official Task Force surface wind speed.

The distance of the primary surge photo-boundary Pg along each of the station legs has been
determined at various times after zero time (Table 3.19). A plot of these distances versus time
may be approximated by a straight line for most downwind legs. The slopes of these straight
lines are also given in Table 3.19. At approximately 4 minutes afier Umbrella, a break occurs
in the downwind plots, which probably represents the passage of the downwind surge over the
atoll reef (Section 3.3.2). The slopes for Umbrella are, therefore, given both before and after
this time. In general, the slopes of all lines are close to the reported surface wind speeds;
however, once again there is some evidence of a difference in base surge velocity along spe-
cific radii. There is also some indication that the point of maximum dose rate (source center)
recedes farther behind the surge {ront at later times, Since the later visible boundaries are
rather diffuse, the postulated recession can only be iilustrated by comparing the time at which
the dose rate reached 0.1 percent of peak values with time of the peak value (Figures 3.134 and
3.135). The tendency for the time of peak to fall farther behind the time of the first rise in dose
rate is, however, so slight that it cannot be conclusively demonstrated with the available data,
If this phenromenon is real, it may possibly be explained by the fact that the base surge increases
in height with time and thus increases its effective radiating area.

The base surge radius has been determined by calculating the position of the hypothetical
surge center for the time of peak dose rate recorded at a given station and measuring the dis-
tance from the station to this center. These measurements have been made, both for the first
peak representing the downwind surge transit and for the completion of the upwind surge transit
(photo-TOC). These radii are presented in Table 3.20, The measured radii for the first peak
are also plotted in Figures 3.136 and 3.137. For Wahoo, the surge radii at time of peak appear
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TABLE 3.18 TIME OF CESSATION (TOC) AT CORACLES

Rominal Pearing From Distance From TCC TOC
Position Surface Zero Sur?Pace Zero Rorm. Horiz. norn 103*
deg (true) £ xin min
W AHOO
UL.5 066 L 500 6 3.03
CL 3.9 159 3,500 5 (5.2 )%
cL k.6 151-1/2 4,600 7 4,45
DL 7.1 231-1/2 7,100 1k 11.34
D 8.0 256-.1/2 8,000 17 15.80
DR 4.5 263 4,500 i35 ?
DR 9.0 263 8,950 17 15,42
DR 14.4 265 1k, 500 16 {20 )wx
DR 24.0 263 24,000 27 25.26
DRR 6.8 281 6,800 15 13.52
DRR &.8% 281 £,800 16 13.37
DRR 12.8 276 12,800 18 ik .51
DRR 12.8% 276 12,800 18 1h.b5
CR 4.1 4,100 5 (3.8)%=
CR 5.2 334-1/2 5,200 6 5.13
CR 6.4 332 6,400 9 (1.8 )=
UMBRELLA:
U 1.8 051.8 1,760 10 ?
ua.7 067 - 2,700 8 (3.2)%*
U2.7* 067 2,700 8 (3.2)%=
039 068 3,890 7 1.4
CL 3.1 163.7 3,060 6 (5.4 )%=
CL 6.0 158.9 6,010 8 4.00
DIL 6.6 207 5- £,58¢ 12 9.0%
DL 6.2 230.4 6,220 1k 9.45
DL 16.0 237.1 15,980 20 14,23
D 2.7 248 2,670 8 ?
D 2.7% 248 2,670 8 ?
D 4.8 247.9 L, 770 12 (7.7)%
D L.B* 247.9 L, 770 12 (7.7)%=
D 18.2 250.2 18,220 16 12.95
D 22.0 248 22,000 20 14,72
DR 12.2 262.5 12,230 12 8.54
DR 18.6 261 18,600 16 12.98
DRR 3.9 279.1 3,940 10 (6.8
IRR 6.7 278.1 6,740 10 6.45
CR 4.9 334 4,910 7 2.47

#Record obtained from secondary GITR.
#Vglues in parentheses are estimated or extrapolasted.
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TEELE 3.20 AL DISTANTIZ TC HYPROTEITITAL FRa CINVIZR A0 TDE (F PASSASH OF BAZZ SURGI BUUNDARIZ.™

wAHOG

U 4.5 o' 4,500 1.7 6,92 3.5 9,610 closest epproack
CL 3.9 15% 3,900 0.98 k,630 L83 9,430

CL k.6 151-1/2 4,600 1.67 6,240 k.10 9,350

DL 7.1 23r-1/2 7,100 1.68 5,400 9.50 5,920

b 8.0 266-1;2 8,000 2.17 4,850 10.%0 8,980

| 4.5 263 4,500 1.63 2,100 8.35 8,250

o G.0 %3 8,650 3.23 4,220 11.60 8,830

™ 4.4 25 1k, 400 &.6 k,500 15.10 8,720

DB 2.0 263 24,000 12.85 5,200 21,25 9,020

DRR 6.8+ 281 6,800 1.37 &,780 9.835 8,400

>z 2.8 276 12,800 b.s7 6,130 13.75 8,320

R k.Y 3% 4,100 ¢.97 3,710 5.10 7,150

R 5.2 33h-1/2 5,200 1.26 &, 720 1.9 5,980

CR 6.4 332 6,40C o highk range channel

Lm?' a

r1.8 ©51.8 1,760 0.47 2,790 2.3 6,420 overturn

ue.r 7 2,700 0.65 is,050 1.0 6,100

U 3.9 68 3,890 1.25 6,350 1.4 6,560 closest approach
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CL 2.0 158.9 6,010 1.50 5,800 5.0 8,410 elosest approesh
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oL5.0 237.1 15,980 5.5 7,070 12.50 $,71C

D27 243 2,570 Q.45 1, k.9 7,450 overturn

D 4.5 2k7.9 k,T70 ¢.90 3,100 &£.2 8,160 oversurn

D 1B.2 250.2 18,220 6.82 7,100 11.70 9,130

D 22.0 2u6 23,000 8.2 8,100 13.30 4,080

o 2.2 2.5 12,230 5.13 6,550 5.50 6,600

= 8.5 261 18,600 $.15 $.950 ic.0 16,51 closest aporoesh
»® 2.9 275.1 3,940 G.38 3,15 [ 7,210 overturn

oRE 5.7 278.1 6,740 2.02 8,050 4.90 7,400

CR 4.9 a3k 4,010 0.93 5,750 2.¢ 7,116 eslssest aprroach
-

E o

241



( "9rea osop yrod dolew 1s.a1) Jo oW Woaj
paunuIajog) -eraJIquuf] joys ‘ow} SNSJIIA
snipes ad.ams aseq TedvjoyodLH pp1°¢ 2andig

(NIW) 31vY 3S00 Xvid 40 IWIL

t (o] 8 9 v 2 o]
T _ T T ] ™ °
el BN BT B i Rl | (-o3ea 8s0p yead Jolew 1S11] JO AW WOIJ PAUTWIILEQ) "O0yem
Joys ‘aw) snsaaa sniped 98ins aseq [WoIAYIOdAH ggi°g dandig
2-23p
PE-A/N ]
S Leem N . - - - - R . - N
(NIW) 3ivd 3S00 Xv3d 40 INIL
ein o tl 2t ol 8 9 14 2 o
o] B
(£ » I ] I i I ] ] °
e A ——pe e 6 Fy0 ] € ™
g0 0
1 [
9970 @ 3
B D A S T e
0 Py P
e 5 m
m. w
T 7 sv0 % 5
e . o . [a )
HIH‘ m
(o] Py
(e " ~GV
w0 - et = =
- w203 | € S
[ 2 . w
Q . : -
e 7
& Q o w.‘&u : 14 2
I SR : 1 m N @ : w\vv
2eio® 09170 A R A
: ~ 1ECHIG0 7z}
: 1.__osa &k%um&, ¢ %
i | {g ..Q b : £6500 @ - # -
02za e i i Sl m
\ 4. - o Q
. - 6 Barus0® | g9p750
sen o .
96150
-— ot

242



to fall on two separate curves, the possible existence of which may again indicate differences
in radial transport velecities or may be due to the discrepancy between the official Task Force
surface wind (15 knots from 090° T) and that indicated by surge photography (14 knots from 070°
T). For Umbrella, the hypothetical surge radii tend to fall on a definite curve, although again
two separate branches at later times could be drawn because of the postulated effects of the
atoll reef and because of slight differences between the reported and photographically observed
surface winds {Task Force weather report: 050° T, 20 knots; surge photography: 053°T, 16
knots). The radii determined at photo-TOC are fairly constant. Furthermore, they are simi-
lar both to the radii determined at TOP for the later transits and to those determined from base
surge photography (Section 3.3.2}.

Although only 2 few points of comparison exist, there are certain general similarities be-
tween Waheo and Wigwam and between Umbrelia znd Shot Baker Operation Crossroads) despite
the large differences in yield in borh instances. The Wigwam base surge, like Wahoo, first
appears at about 13 seconds and expands at similar velocities; the visible surge velocities for
Wigwam have been calculated {from photographs (Reference 14) and are presented for compari-
son in Appendix E. Each shot generated secondary and perhaps tertiary plumes, which possibly
resulted in secondary or tertiary base surges. Fallout or deposited material from the base
surge seems to have been light at the greater distances. GITR’s installed aboard the YAG-39,
which was steaming at approximately 10 knots about 28,000 {eet downwind of Wigwam, recorded
peak dose rate of 550 r/hr at 16 minutes and a second peak of 640 r/hr at 19.7 minutes (Refer-
ence 9). The GITR at Station DR 24.0 on Wahoo recorded a peak dose rate of 589 r/hr at 12.7
minutes followed by a gradual decrease in dose rate, which continued to approximately 25 min-
utes. Although the shape of the dose rate peaks differ, possibly because one detector was
moving while the other was stationary, both the peak dose rates and the time of arrival are
comparable (surface wind for Wigwam was 18 knots from 031° T}. Furthermore, film packs
on the weather decks of the YAG-39 registered cumulative doses ranging from 26 to 35 r, values
which compare favorably with the tripod film pack dose of 33 r registered at DR 24.0. Thus,
despite the fact that the yields of the two detonations differ by a factor of 3, essentially the same
doses and dose rates were observed at similar lecations.

Umbrella and Baker were quite dissimilar events; however, in the few instances where com-
parison can be made, nearly the same dose rates during base surge transit were observed on
both shots. The column for both shots was probably hollow. During Baker, the fireball was
briefly visibie at the top of the column. Later a cumuliform cloud similar to those from surface
shots was {ormed, and the column was seen to be open to the atmosphere. During Umbrella, no
cumuliform cloud was formed, and the column was probably never open to the atmosphere. The
Baker column could have collapsed in a manner approximated by the fluid models just discussed;
however, as the Umbrella column collapsed, two high energy jets of water, one vertically up-
ward and the second downward, have been postulated at the collapsing apex.

During Baker, a heavy rain was observed to fall from the cumuliform cloud at about 3 min-
utes (References 35, 90, and 99) whereas for Umbrelia a similar heavy rainfall from the base
surge may have occurred continuously during the {irst minute after zero time. I the hypothesis
(Reference 90) concerning the formation of this rain is accepted {Section 3.3.1), the early occur-
rence of rain would indicate that the individual droplets comprising the Umbrella base surge at
formation were much larger than those postulated for Baker. The initial base surge velocities
of the two shots are comparable; however, at iater times the velocity for Umbrella falls con-
siderably beiow that for Baker (Appendix E).

Comparison of dose rate information for the two shots is difficult, since so little rate infor-
mation is available for Baker. Instruments similar to the std-GITR installed aboard LCT-874
and LCT-332 appear to have recorded an initial dose when the explosion bubble first reached
the water surface. The instruments saturated; therefore, the peak dose rate cannot be deter-
mined {Reference 3). The record of the LCT-874 (7,500 feet, bearing 045° T from surface zero)
is probably mcst similar to that obtained at DRR 6.7 on Umbrella; the peak dose rates were
4,000 r/hr at 1.7 minutes for the LCT-874 record and 6,000 r/hr at 2.0 minutes for DRR 6.7.
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A comparison of the LCT-332 (5,700 feet, bearing 089° T from surface zero) recood with that
from the CR 4.0 shows that the {irst peak dose rates were  at 0.9 minute and

at 1.0 minute, respectively. The peak dose rates for the two shots appear, on the basis of this
limited data, to be about the same order of magnitude; however, the total dose registered by
film packs on the weather decks of the target ships for Baker are one or two orders of magni-
tude larger than total doses registered at similar locations for Umbrella (References 7 and 101).
A detailed description of the film packs employed for Baker has not been located; however, it is
probable that they were packets of Eastman Kodabromide G-3 and Eastman 548-0 double and
single coat film shielded with 2 lead cross approximately 1 mm thick. Although the increased
sensitivity of this type of {ilm pack to beta and soft gamma radiation and the effects of heat prior
to recovery may have increased the recorded total dose, neither efiect could cause the large
differences observed. It appears, therelore, that a very much heavier deposition of radicactive
material occurred during Baker. The large deposit dose from Baker is thought t¢ be due v fall-
out from the cumuliform cloud, which contained large amounts of radioactive coral from the
lagoon bottom. Bottom material, however, does not appear to have been important during Um-
brella even though this shot was fired on the bottom. A satisfactory exﬁianation of this differ-
ence between Baker and Umbrella has not yet been advanced; however, it should be noted that
the column was observed to vent to the atmosphere on the former shot, while no such observa-
tion exists for the latter,

3.3.5 Estimated Waterborne Radiocactivity. The contribution to the free-field gamma dose
rate from radioactive material falling intg the ocean is negligibly small in comparison to the
other radiation sources. Since only small amounts of radicactive material appear to have fallen
from the base surge at distances greater than 3,500 feet (assumed maximum distance of heavy
rain, see Section 3.3.1), the relative insignificance of radiation due to material susperdied in the
water is not surprising. This statement, however, is definitely not true of the other sources of
waterborne activity discussed later in this section. The relative unimportance of radicactive
material deposited from the base surge and remaining suspended in the surface waters is indi-
cated in two ways. First, in all instances where the gamma record is not complicated by other
waterborne sources, the underwater gamma records drop abruptly after registering passage of
the airborne material, without showing any appreciable residual radiation. Second, FFP's
dropped into the downwind array after the event do not register any dose significantly above the
background. These FFP’s were dropped 120 minutes after Wahoo and 60 minutes after Umbrella;
therefore, the film pack data certainly indicates that no significant contribution for suspended
material exists after these times. This data cannot be considered conclusive, since if all sus-
pended material is assumed to sink at a rate of 0.96 m/hr (discussed later in this section}, the
postshot FFP drops are too late to register any significant dose from suspended material. The
data dose imply either that the dose from suspended material remaining near the surface is in-
significant or that, because of the sinking rate of this material, all important radiation ceases
shortly after passage of the base surge (for the stated sinking rate, this time would be approxi-
mately 30 mimites). The doses obtained {rom these postshot FY¥P drops are summarized in
Table 3.21.

Records from the underwater GITR {[W-GITR), described in Section 2.2.2, are subject to
the same ilmitations set forth in Section 3.1. Urdfortunately, a great deal of difficulty was ex-
perienced with the underwater detector cables and with the probe-dropping mechanism; there-
fore, only seven underwater records were obtained for Shot Wahoo and four for Shot Umbrella
{Figures 3.142 through 3.153). The majority of the underwater records show a high dose rate
peak at a time roughly corresponding to the peak registered by the std-GITR upon passage of
the airborne radioactive material (compare Tables 3.8 and 3.22). The fact that the underwater
detectors frequently produce records similar to those of the std-GITR leads to the suspicion
that these detectors were much closer to the surface than the planned 6 feet. -

Accordingly, in all cases where both a standard and an underwater record exists, the two
records are compared. Since peak dose rates do not provide a reliable basis for comparison,
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the 3-minute cumulative doses are used (Table 3.23). The possibility of radiation due to white
water cannot be excluded from the closer stations; therefore, the calculated depth of the under-
water detector in these instances must be regarded as a minimum possible depth. These depths
are calculated by modifying the expression for the radiation intensity at a point above an infinite
slab of uniformly distributed activity. In this case the radiation intensity at a depth beneath the
water surface I, , due to a radiating cloud above the surface, is expressed by:

Jad 1+K ] —pwd
fow = 207 {[%‘] e "W -y [-ELE uwdﬂ}

Where: JA = source intensity per unit volume of the cloud
By = linear attenuation ceoefiicient for air
Kw = linear attenuation coefficient for water
K = a2 constant approximating the buildup factor in an expression
of the form (1+K uwd)
pwd = the path length in water expressed in units of mean free path for
gamma rays of a stated energy
d = depth of the detector below the water surface.

The radiation intensity at the interface Ig is given by the expression:

Ja (1+X)
2,U.A

s =
Thus, the ratio between I, and Ig is:

E‘r‘f = o Hwd T“iﬁgi [- Ei (- upd)

Values of this ratio have been calculated for a 1-Mev gamma energy and are plotted as a func-
tion of depth in Figure 3.138. These values were used in ¢onjunction with the 3-minute cumu-
lative dose figures to estimate the depth of the underwater detectors given in Table 3.23. They
indicate that the underwater detector bobbed up to or near the surface, probably because of the
action of device-generated water waves, although there is some suggestion that a combination
of current and normal wave action may occasionally have brought the detector near the surface
at later times. After analysis of the data, this hypothesis was experimentally verified. This
behavior had not been previously noted, since the detectors were dropped into the water only
after zero time, and coracle recoveries after Wahoo were periormed principally by nonproject
personnel. Because of the particular nature of both events, this attitude of the underwater de-
tectors does not vitiate their records; in fact, this occurrence permits checks on the std-GITR
records, which would not have been possible had the underwater detectors dropped to their
planned depth.

Radiation due to waterborne material other than that deposited from the base surge is dis-
cussed here, since these phenomenz are dafinitely a part of the total gamma records. The
gamma records show evidence of two such sources, viz, {1} radiation due to water directly
contaminated by the device {white water) and (2) radiation due to patches of radioactive foam.

During the early recovery of the target ships about 2 hours after Umbrelia, a patch of radio-
active foam, which pinned a survey meter set for a maximum rate of 50 r/hr, was observed
by Project 2.1 personnel. Although this report represents the only direct observation of radio-
active foam, it seems probably that such a waterborne source would be generated both by the
collapse of the column and by the violent upwelling of water immediately after the detonation.
The presence of spikes in the std-GITR records, after the passage of airborne material
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TABLE 3.23 COMPARISON OF STANDARD AND UNDERWATER GAMMA RECORDS

Actual Position

R Bearing Distance Standard GITR bnderwatier GITR . Calculated
Nominal From From Cumulalve Cumuiauve Ratio Depth of
Position Surfsce  Surface Dose at Dose at Uw/std U‘»E\PGI;R

Zero Zero 3 Mnues 3 Minutes
deg ftruet ft T T inches

Wahoo!

CL &y 158 3,005 234 16.6 0.0769 12
CL 4.6 1514 4,600 150 ¢ 9 72
8.0 258 ERCS 68.8 0.600251  0.00000383 68
DR 4.5 263 4,500 537 0,133 0.0025%2 45

; 263 24,0003 h] 0 - -
CR 4. 336 416e 142 3.98 0.0251 18
CR 5.2 334y 5,200 216 2L.3 6.6674 i3

Umbrella:

U L8 051.8 1,760 755 864 0.876 1
DR 4.5 2635 4,530 No data 14.4 - -
DRR 3.9 279.1 3,940 163 11.3 0.108 11
DRR 6.7 278.1 6,740 108 0.0048 0.0000444 55
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Figure 3.138 Ratio of underwater dose rate as a function of depth
(calculated for 1-Mev gammas).
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but at times requiring speeds two to five times the known ocean surface currents in the area,
gives further indirect evidence for such sources {Section 3.3.2). A comparison of the std-GITR
and the UW-GITR records from Stations DR 4.5, CR 4.1, and CR 5.2 for Wahoo and DRR 3.9

for Umbrella reveals several instances at later times where the std-GITR shows a spike in dose
rate, which is either not recorded or recorded at a2 much lower intensity by the UW-GITR; such
differences could be the result of radioactive foam.

Finally, a careful inspection of photographs taken at an altitude of 24,000 feet over Wahoo
gurface zero shows a white border, which is probably foam, persisting along the downwind eage
of the white water area as late as 24 minutes after zero time. After about 13 minutes, the white
water area becomes indistinet, being distinguished only by the foam border along the downwind
edge and by a discontimiity in the surface roughness of the ocean observable along the other
edges.

Photographic evidence indicates that the spread of the white water itself is probably not a
toroidal circulation as suggested in Reference 102 but rather an overlayering of the surface
water by the violent upwelling of contaminated waters near the surface zero. This water, which
is white in appearance probably due to included bubbles {and bottom material in the case of Um-
brella}, spreads out radially along the surface to a distance of about 3,500 feet at velocities not
less than 10 knots. Evidence for overlayering is found by inspection of the white water bound-
aries presented with the isodose contours in Section 3.3.3, which reveal an indentation on their
outer perimeter associated with each of the closer target ships. These indentations are located
radially beyond the ships and are particularly pronounced for Wahoo. It seems more probable
that they would have been caused by surface interference with the suggested radial overlayering
phenomenon rather than by the interruption of a toroidal circulation extending to greater depths.

Additicnal evidence of radioactive surface water is provided by the 0- to 6-hour records of
both the standard and the underwater GITR’s {Figures 3.154 through 3.182). When considering
these figurss, it should be remembered that many of the coracles on Wahoo were drifting; their
estimated positions at later times are indicated in Figure 2.1. Recovery, when it occurred
during the record, is also indicated. The observed times of arrival and cessation for white
water are presented in Table 3.24.

Times of cessation are particularly difficult to read from the gamma record and in many
instances are little better than guesses, For Wahoo, the TOA have been plotted as a function
of distance (Figure 3.138). Although the points show some scatter, a straight line with a slope ™~
of approximately 1 knot may be faired through them. The fact that these later events occur at
times and in directions that are compatibie with known ocean surface currents in the region
further supports the assumption that they are indeed due to the movement of water directly
contaminated by the nuclear device. The reported dose rates may be converted te fission prod-
uct concentrations as indicated in Section C.6.

Assuming a speed of 1 knot, the path lengths through the white water have been computed for
the Wahoo stations and are also included in Table 3.24. These path lengths are usually shorter
than the last observed white water diameter (about 10,000 feet at 24 minutes), probably because
corrections for drift can only be approximate. They suggest, however, that this body of radio-
active water does not greatly increase its boundaries after about 24 minutes.

The 0- to 6-hour records for Umbrella do not show much evidence of radiocactive water at
later times. Since all deep-moored stations were recovered before any white water could have
crossed the reef and reached their positions, these stations are omitted from the analysis of
white water movement. Comnsequentiy, not all the 8- to 6-hour records for Umbrella have been
reproduced. The mare distant stafions within the lagoon indicate white water zrrival at a time
compatibie with an assumed radial expansion of 0.5 knot irom the photographically established
23-mimute white water boundary (Section 3.3.2). An assumed movement in the direction of the
surface wind at a speed of 1 knot also fits the water data nearly as well. Movement of lagoon
waters by the wind at comparable speeds has been reported for Bikini (Reference 94). A plot
of the Umbrella TOA for water is scattered; however, a line with a slope of approximately 2
knots may be faired through the points {Figure 3.140). This line is presumed to represent the
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movement of radioactive foam (Secticn 3.3.2).

Complete analysis of the waterborne record requires consideration of both the 0- to 15-mn-
ute and the 0- to 8-hour records. Most of this analysis is presented as part of the free-field
dose rate discussion {Section 3.3.2), since certain spikes in dose rate presumed due to radio-
active foam might be mistaken for radiation {rom the base surge. The arrival and departure
of both foam and white water, computed for a number of speeds and directions, are presented
in Table 3.25. Drifting coracles are assumed to move with the wind at speeds determined for
a dragging mooring cable unle$s there is good photographic evidence of {ree drift (Figure 2.186).
Foam is assumed to move in directions and at speeds determined by the combined effects of
ccean currents, sea conditions, and the surface wind. For Wahoo, directions ranging from
250° T (average direction of coracle drift) to 302° T (Reference 92) and speeds of 1, 2, and §
knots are calculated. For Umbrella, the same range of speeds is used, but the direction of
movement is limited to that of the surface wind. As shown in Table 3.11, the best agreement
between the gamma records and these assumed {oam movements is obtained for a set and drift
of 270° T at 6 knots after Wahoo and 230° T at 2 knots after Umbrella. Although all evidence
for foam is at best circumstantial, the assumed foam movement after Wahoo is compatible with
the official surface wind directicn and the reported ocean currents (References 53 and 93, and
project observations). The slower rate of foam movement after Umbrella is presumed to be a
consequence of smoother water conditions inside the lagoon, which would reduce stripping ac-
tion by the wiad.

For Wahoo, white water arrival and cessation times calculated on the basis of a set and
drift of 270° T and 1 knot are also in reasonable agreement with observed dose rate values,
although sets of 250° T and 302° T give equally good or slightly better comparisons. For Um-
brella, the assumed radial expansion at 0.5 knot gives best general agreement with both the
gamma records and the observed early white water expansion. This radial expansion cannot
of course be used for calculation of cessation times. Since the limited current data available
for lagoons (Reference 94} indicates little surface current, the assumed radial expansion is at
least reasonable, although such continued expansion is not indicated by other late-time observa-
tions currently available to the project. At 5 or 6 hours after Umbrella, the white water patch
was still in the neighborhood of surface zero but was fransected at least at the surface by a
channel of clear water roughly parallel to the surface wind direction (observation by project
personnel aboard the USS Munses).

For Umbrella, white water is assumed to contain a suspension of pulverized coral from the
lagoon bottom. A significant fraction of the residuval radioactivity is probably associated with
this suspension. The closer stations located within or near the white water boundary show a
steady decline in dose rate due to a combination of decay and sinking of the radioactive material
below the surface. Laboratory tests of Umbrella crater material indicate that its sinking rate
in sea water is about 0.96 m/hr, a rate about a third that observed during Operation Redwing
(Section 1.3.1 and Reference 33). This difference is probably due to the finely pulverized con-
dition of the bottom material. Using the total linear attenuation coefficient for 1-Mev gammas
in water, this would indicate a decrease in dose rate of 1 decade per 21 minutes due to sinking
alone., Such slopes are observed in the normalized rate curves (Section 3.3.2).

An indication of the combined sinking and dilution rate for water sources is obtained by com-
paring the observed and the standard decay rates as shown in Figures 3.141 and 3.142 (the
standard decay curve is described in Section B.2). In these figures the average dose rates for
the later Wahoo records and the decay rates for a number of close-in Umbrella stations are
plotted as a function of time. The decrease in average dose rate shown by the later Wahoo rec-
ords is probably due t0 sinking or mixing with deeper water, since the white water area at the
surface remains unchanged.

For Umbreila, the decrease in dose rate after 30 minutes agrees closely with the standard
decay curve, which could mean that 2 fine radioactive Suspension persists after the sinking of
the coarser material. Such agreement alsc implies no dilution by expansion or by surface
currents. A survey meter 15 feet above the center of the white water at H+ 4 hours read 200

252 ( Text continued on Page 276)
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Figure 3.141 Accelerated decay of radioactive water (effects of sinking and

dilution), Shot Wahoo.

The standard decay curve is described in Section B.2.
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Figure 3.142 Accelerated decay of radioactive water (effects of sinking and

dilution), Shot Umbrella.

The standard decay curve is described in Section B.2.
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Figure 3,144 UW-GITR record, 0 to 15 minutes, coracle at
4,600 feet, 151,5° T from surface zero, Shot Wahoo,
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Figure 3.145 UW-GITR record, 0 to 15 minutes, coracle at
8,000 feet, 256.5° T from surface zero, Shot Wahoo.
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Figure 3.146 UW.GITR record, 0 to 15 minutes, coracle at
4,500 feet, 263° T from surface zero, Shot Wahoo.
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Figure 3.150 UW-GITR record, 0 to 15 minutes, coracle at
1,760 feet, 51.8° T from surface zero, Shot Umbrella.
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Figure 3.153 UW-GITR record, 0 to 15 minutes, coracle at

6,740 feet, 278.1° T from surface zero, Shot Umbrelia.
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mr/hr. This low reading could be explained by assuming that the coarser suspended material
(probably in the form of CaCO,) sank, scavenging most of the radioactive debris as it did so.

3.4 GAMMA RADIATION FIELDS ABOARD TARGET SHIPS -

Gammaz fields aboard all target ships were measured by 1 std-GITR detector similar to that
used on the coracles. Although tape readout in some cases was accomplished by a different
method, limits of accuracy and restrictions similar to those already described {or coracle rec-
ords apply to shiphoard gamma records (Sections 3.1.1 and 3.4.1). Most recorder transports
used aboard the siips were the 80-hour type (Section 2.2,1} rather than the 12-hour type used
in the coracles, and the detector was mounted in a different casing (Figure 2.3). Since depos-
ited radioactive material may be neglected, the difference in response due to detector mounting
should be minimal; however, the lower tape transport speed and the {fact that the shipboard
installations had ne timing blank (Section 2.2.7) combined to reduce time resclution to about
+3 seconds. The 60-hour tape transport was used aboard all target ships with the exception of
the pilot house and centerline-forward stations on the EC-2 for Shot Umbrella. The slow trans-
port speed was selected, despite the risk of saturation, so that in the event of large deposits of
radioactive material, the decay rate would be recorded for a sufficient length of time to permit
a complete radiological survey of the vessel before the GITR record terminated.

In addition to the GITR’s, {ilm packs were placed at approximately 20 locations aboard the
target vessels (Section 1.3.3) to establish a relationship between GITR stations and other ship-
board positions. The reported accuracy of these film packs is =20 percent (Section 2.2.5), but
the correlation between film pack and solid angle plots versus frame number (Section 3.4.2}
suggests higher accuracy. After each shot, a precise radiological survey of all topside decks
was made with calibrated Cutie Pies (Model CP-3DM beta-gamma survey meter, Reference
103) in an attempt to extend GITR and {ilm pack data to still other shipboard locations.

The final positions and attitudes of all target ships are tabulated in Table 3.26 (References
75 and 104); movement of the ships after each shot has been estimated {rom photographs and
is also included in the table. This movement of the ships should be remembered when consid-
ering these shipboard records. After Wahoo, the EC-2, DD-474, and DD-592 all changed
positions shortly after zero time (Figure 2.1}. After Umbrella, the DD-474 broke her stern
mooring and swung on her forward anchor. The final position of the DD-474 was about 500 feet
upwingd on the starboard quarter of the DD-592 with her bow into the wind (Figure 2.2). Ship
movement probably tock place during the first 20 minutes after zero time; however, the DD-474
GITR records for Umbrella suggest that the ship did not move very far from its original position
during the first 5 minutes. All target ships were equipped with full washdown, which was started
at the time of final evacuation (H—4 hours on Wahoo and H~2 hours on Umbrella) and was fueled
to run 14 hours. The washdown systems operated as planned, with the single exception of the
system on the DD-474 during Shot Wahoo. This ship did not appear to have washdown operating
forward at shot time.

3.4.1 Gamma Dose Rate versus Time. Because of a mutual interest in the gamma radiation
fields aboard the three destroyers, Projecis 2.1 and 2.3 both used the records obtained by the
weather deck GITR’s at the bow, amidship-port, and amidship-starboard positions. Project 2.1
obtained dose rate information from these instruments, using the 704 computer on Parry Island
rather than the GITOUT device used for the coracie records. Since the two methods of readout
are entirely compatihle, the information obtained by Project 2.1 has simply been recast by this
project into a form identical to that used for the coracle records.

In brief, the 704 program, described in References 57 and 86, is identical to the time-
between-pulse method described for the GITCOUT device. Only the initial rise in dose rate on
the low-range channel and the subsequent high-range channel record were read outy- using the
704 computer. The timing channel on the shipboard tapes was {irst monitored to detect possi-
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ble variations in the original recording speed, which, U found, were compensated by subpro-
graming the 704 computer. The high-range channel on the GITR tape was fed into the computer
where the time between each radiation pulse was measured against a 1-Mc timing signal in the
computer. Each radiation pulse interrupted the timing signal long enough to store the cumu-
lated time during the previocus interval in the computer memory bank. 8ince only 48 msec (a
time much shorter than the duration of a radiation pulse from the GITR) were required by the
704 to store the cumulated time, the timing sigrnal for the next interval could be started by the
same radiation pulse; thus, complete time-between-pulse information was obtained. Usually
all information on the high-range channel of a GITR could be stored in the 704 memory bank.
The computer was then programed to compute the average dose rate over each interval between
radiation pulses, to cumulate the dose increments and to sum the time intervals. The GITOUT
procedure is more accurate ihan the 704 procedure, since it uses the timing chame! informa-
tion on the tape; however, the difference in accuracy between the 704 and the GITOUT cannot
be more than 1 percent. )

GITR records from the EC-2 and the platform station aboard the DD-592 and ali remaining
low-range channel information {rom the destroyers were read out, using the GITOUT and the
{ixed-interval-counting method described in Section 3.1.1. All 60-hour tapes had to be elec-
tronically siretched, a process that is also described in Section 3.1.1, The records for 0 to 15
minutes and O to 6 hours are presented in this section (Figures 3.183 through 3.206); the records
for 0 to 2.5 minutes are included tn Section 3.2. Since no timing blank (Section 2.2.7) was in-
cluded in the shipboard contrcl system, zero time was established by measuring 5 minutes on
the GITR timing channel starting from the minus-5-minute EG&G signal. Prior to evacuation
of the ships for Umbrella, some GITR’s were started manually. Zero time on these records
was established by matching first dose rate peaks with GITR's that received the minus-5-
minute signal, aboard the same vessel. Zero time on ihe EC-2 records for Umbrella was de-
termined by calculating the time of the first peak on the basis of nearby coracle records.

Unmodified dose rates are presented, since any radioactive material deposited on the decks
was probably removed either by the water accompanying the deposition or by the washdown sys-
tem. The measurements represent gamma dosé rates resulting ircem airborne radicactive ma-
terial at specific positions aboard stationary ships under washdown. Unfortunately, nine of the
GITR’s saturated at peak dose rate for about 15 seconds during Umbrella; thus, exact cumulative
doses cannot he computed. The peak dose rates for the destroyers have been reconstructed by
Project 2.1, using the unsaturated records obtained from GITR’s installed inside the ships.
These reconstructed peaks are shown as a dashed line on the appropriate records. The total
cumulative dose has been determined by numerical integration, using a straight line between
the two dose rate points bounding the period of saturation. The difference between this integ-
rated dose and the corrected {ilm pack dose approximates the dose received during saturation.
In 21l cases, more than half the total dose was received during the brief interval of saturation.
These values together with the cumulative dose at various times after zero time for the non-
saturated shipboard records are presented in Table 3.27. The total doses registered by film
packs positioned within 3 feet of the GITR detector are alsc given for comparison.

For greater ease of comparison with the coracle data, the time and dose rate of the major
peaks shown by the shipboard records are summarized iz Table 3.28. The normalized doses
have also been computed for various times after 2zero time as described in Section 3.3.2 and
are presented in Table 3.28. Because corrections for waterborne radioactivity cannot be
accurately made, the cumulative normalized dose is stopped as soon as the gamma record
indicaies completion of surge transit; therefore, comparison must be made with the observed
dose cumulated over the same time interval. Although the cumulative normalized dose con-
tains a number of inhkerent inaccuracies, it may be used to estimate the relative total amounts
of radicactive base surge transiting a given ship.

During both Wahoo and Umbrella, the GITR record obtained at the bow station aboard the
DD-593 is about double the other records obtained aboard that ship. The difference between
the corrected film pack dose and the total cumulative dose computed from the GITR record is
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also larger than nor:..-l. The possibility exists that this detector was double pulsing (a mal-
function that would cause a dose rate about twice the actual dose rate); however, the instrument
was checked after each shot and found to be operating perfectly. Furthermore, the record
from this station agrees with those obtained from cther GITR’s aboard the same ship after
passage of the base surge. The records are, therefore, considered reliable. Although no
completely satisfactory explanation for the discrepancy has yet been advanced, the most likely
possibility is that the bow records for the DD-593 are the result of an extreme case of ship
retardation {Sections 3.3.2 and 3.4.3).

In many instances during Umbrella, the film pack dose is understandably higher than the
cumulative GITR dose, since the GITR was saturated during peak dose rate {Table 3.27). This
difference, however, occurs at the {orward station aboard the EC-2 during Wahoo where there
is no evidence of GITR saturation. The EC-2 was 56 oriented for Wahoo that the forward end
was engulied by the hase surge slightly ahead of the rest of the ship. Although this difference
might account for a higher total dose at the forward station, it does nol account for the differ-
ence hetween the film pack dose and the total cumulative GITR dose. Superstructure shielding
effects {Section 3.4.2), ship retardation (Sections 3.3.2 and 3.4.3), or variation in deposition at
the two locations can be postulated but cannot be conclusively demaonstrated.

Like those irom the coracles, the shipboard records (Figures 3.183 through 3.194) may be
divided into characteristic types {Table 3.11). The general discussion ¢of all shipboard records
has been incorporated with that of the coracle records (Section 3.3.2). The shipboard records
are presented in this section, using the same format and key previocusly described for the cor-
acles. The records are individually discussed here to indicate possible modifications due to
the superstructure or ship movement. In general the shipboard and coracle records are so
similar that the effects of the ship’s superstructure on the free-field gamma radiation is not
immediately apparent. An analysis of shipboard film pack doses, however, gives definite evi-
dence of superstructure effects and may be used in conjunction with cumulative GITR doses to
estimate the magnitude of such effects (Sections 3.4.2 and 3.4.3}.

For Wahoo, the shipboard records from the DD-474 and DD-592 are limited to {film pack
and meter survey {nformation, because a power failure aboard both ships prevented receipt of
the radio signais that started the project instruments (Section 2.1.1). When this information is
considered, the fact that both ships moved after the detonation should be borne in mind (Figure
2.1). At 20 minutes after Wahoo, the DD-474 had moved about 900 feet farther downwind, and
the DD-592 had moved about 500 {eet farther downwind.

During Wahoo, the EC-2 was anchored halfway between a crosswind and an upwind position
at 2,300 feet from surface zero with the starboard side facing surface zero cobliguely. At 20
minutes after Wahoo, the EC-2 had moved an additional 600 feet crosswind (Figure 2.1); how-
ever, the estimated maximum movement during base surge transit is 200 feet. The EC-2 was
so oriented that the bow was first engulfed by the base surge as evidenced by the slight differ-
ence in time of peak between the forward and after stations. The abrupt decrease in dose rate
(Figures 3.183 and 3.184) immediately after the first peak is probably due to the passage of the
upwind surge beyond the ship. The gently sloping plateau from 2 to 4 minutes represents an
inner edge transit of the upwind surge with some additicnal contributions from white water,
which reached the ship at approximately 2 minutes. The gamma record persists about 4 min-
utes after the final transit of the primary surge photo-boundary P, (Appendix F). Using the
reported surface wind this delay in final transit could indicate a tail (Appendix F) of approxi-
mately 6,200 feet, tut a more probable cause is the temporary retention of surge remnants in
turbulent eddies associated with the superstructure (ship retardation). The fact that all ship-
board detectors were installed in positions that are both distant and shielded from waterborne
activity probabiy accounts for the absence of dose rate spikes caused by these sources.

The records for the DD-593 during Umbrella (Figures 3.185 and 3.186) represent a nearly
central cross section of the base surge, clearly showing an intersurge decrement. The ship
was positioned with the stern into the wind; thus, the starboard side faced the hot line (Appen-
dix F}). The records from the starboard and port GITR’s do not, however, show any significant
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differences. The special case of the bow GITR is discussed in Section 3.4.3. The prolonged
sloping plateau extending from about 11 to 17 minutes is again most probably due to superstruc-
ture turbulence, although a long record due to a base surge tail is also possible (compare with
Station D 8.0). The earliest arrival of waterborne sources is about 12 minutes. If such sources
did reach the ship, their arrival was masked by the last stages of base surge transit. Later
records (Figures 3.197 and 3.198) show the arrival of white water at about 1 hour. The bow
and the port GITR register similar peak dose rates, but there is considerable difference be-
iween these records and that of the starboard GITR. Such differences could be caused by
nonuniform distribution of radicactivity within the white water boundary.

During Umbrella, the EC-2 was positioned at 1,650 feet crosswind with the port side facing
surface zere. Nu ship movement was observed after Umbrella. The records (Figures 3.187
and 3.188} represent a central transif, which {s close to being an inner edge transit. The cen-
tral decrement appears {0 have been recorded, but the high minimum dose rate in the first
valley suggests contributions from a nearby inner base surge edge, although superstructure
turbulence could also be a contributing factor. The prolonged record from 3 to 5 minutes is
most probably due to ship retardation. At 3 minutes, the white water boundary is approximately
1,000 feet radially beyond the EC-2; however, the record shows little contribution from this
source, AS suggested previously, the shielded Jocation of the shipboard detectors probably
accounts for the reduced influence of waterborne sources.

The records for the DD-474 during Umbrella (Figures 3.189 and 3.190) represent a central
cross section of the hase surge, but possible effects due to the {ailure of the stern anchor and
swinging of the ship must be considered. The DD-474 started with the stern toward surface
zero and the port side facing the hot line; 20 minutes later it was 500 feet farther downwind
with the bow toward surface zero and the starboard side facing the hot line. Very little change
in the ship’s position could have taken place during the transit of the downwind surge, but the
lower dose rates recorded by the port GITR during upwind surge transit suggest partial super-
structure shielding. The slightly higher dose rates recorded by the bow GITR are also the
result of differences in shielding. The prolonged gamma record from about 4 to 8 minutes is
probably due to temporary retention of the surge by superstructure turbulence. A central
decrement 15, nevertheless, clearly recorded. The longer significant record of the starbeard
GITR in comparison to the port GITR also supports the turbulent retention hypothesis, but this
difference is not consistently borne out by records from the other ships. Arrival of radiocactive
foam would be masked by base surge transit; however, its final departure {s calculated at 23
minutes. The rise in dose rate between 22 and 26 minutes may, however, be due to such sources.
At approximately 0.9 and again at 3.9 hours (Figures 3.201 and 3.202), there are relatively sud-
den changes in the dose rate from waterborne sources suggesting rates of travel of 1 and 0.2
knots, respectively.

The records for the DD-582 during Umbrella (Figures 3.191 and 3.192) also represent a
central transit, which should be similar, since the DD-474 and DD-592 are at nearly the same
downwind distance 20 minutes after the shot. The DD-592 was oriented broadside with the star-
board side facing surface zero. Because of the ship’s greater distance from surf{ace zero, the
times and heights of peaks are later and lower. The bow and platform GITR records track each
other closely as might be expected, since they both represent relatively exposed instrument lo-
cations. No large increase in dose rate with increasing detector height is shown, indicating
that both the bow and the platform instruments must subtend ahout the same solid angle of base
surge (Section 3.4.2}. The port and starboard GITR records are lower than the bow and plat-
form records because of their relatively shielded locations. Again, the upwind transit lasts
longer than would be expected on the basis of cloud photography. The prolonged record is
probably due to ship retardation although the ship’s crosswind attitude should minimize such
retardation effects. ‘The DD-592 was in white water from very early time. Later records
{Figures 3.203 and 3.204) indicate waterborne sources until 4.7 hours; thus, if the §-minute
upwind white water boundary is used, a speed of 0.2 knot again results.
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The records for the DD-5923 during Umbrella {(Figures 3.193 and 3.194) also represent a
central transit. The ship was anchored with the stern toward surface zero and the port side
toward the hot line. No movement was observed after the shot. The records are comparable
to those obtained on the other destroyers. The valley occurring around 4.2 minutes corresponds
to the passage of the base surge center over the ship. The minimum dose rates for all shipbeard
records of the central decrement are discussed in Section 3.3.2. The higher minimum dose rate
recorded by the starboard GITR is consistent with the ship’s orientation, since this instrument
would be more influenced by the inner edge of the base surge. The prolonged upwind surge
transit is again probably due to superstructure turbulence effects. As during Wahoo, the bow
GITR record 2uring surge transit is abnormally high, a fact which is further discussed in Sec-
tion 3.4.3. The fater vecords (Figures 3.305 and 3.206) show increased dose rates due to
waterborne sources from 80 to 84 minvres and again from 2.3 10 2.6 hours. The earlier peaks
may be due to radivactive foam. The later peaks indicate 2 speed of 0.3 knot, which is similar
te the previously calculated speeds for white water. The earlier peaks, however, indicate a
speed nearly three times this value.

3.4.2 variation of Shipboard Dose with Position. Two means of extending the measurement
of gamma radiation exposure to additional weather deck positions were attempted. Approxi-
mately 20 NBS film packs {Section 2.2.5) were placed in specially designed holders aboard each
of the target ships, as shown in Figures 1.12 through 1.14. The packs were placed exactly 3
feet above the deck and, in the case of film packs associated with GITR's, they were mounted
on a pipe stand so that the film would be exposed to the same gamma environment as the GITR
detector itseli. These film pack stations represented the first attempt to extend GITR meas-
urements to other locations. The second extension consisted of a pattern of marked meter
survey points within 3 feet of every film pack, augmented by approximately 30 additional marked
points distributed over all important weather decks {(Figures 1.12 through 1.14).

As soon after the shot as radiclogical safety permitted, all marked points were surveyed
with Cutie Pies {Model CP-3DM beta-ganuna survey meter, Reference 103} calibrated on a
Co® range within 6 days of the survey. At each peint, four meter readings were taken exactly
8 feet above the deck with the meter probe pointed at 90° intervals relative to the bow.

These survey readings were averaged to compensate for possible variations caused by the
ship’s superstructure. The NBS {ilm packs were alsc recovered at the time of this meter sur-
vey. Data obtained from all shipboard film packs together with the survey results are given
in Tables 3.30 and 3.31.

A control group of similar NBS film packs were exposed ona Co® range at times sufficiently
close to shot time so that no specific correction would be required for latent image fading (Ref-
erence 48). The film packs recavered from the target ships were then interpreted by means of
these control films (Section C.4). Although {ilm pack doses show the usual relationship to the
GITR cumunlative doses if the effects of superstructure shielding are taken in account, no rela-
tionship can be established between the survey readings and film pack doses. This lack of
correspondence is probably due o the fact that the principal radiation exposure occurs during
transit of the base surge while wind and washdown obscure any possible regularity in deposition.

A detailed analysis of the film gack duses indicates that the ship’s superstructure has a de-
tectable influence on the total gamma dose and thus probahiy on dose rate. Plots of the recorded
film pack dose versus frame number give a characteristic curve shape lor each ship regardless
of ship’s attitude or distance from surface zero (Figures 3.207 through 3.212). The regularity’
of these curve shapes is definite evidence of superstructure effect. I the free-field radiation
is assumed to be uniform (this assumption can be valid only for relatively small masses of
radiating cloud if all evidence is considered), the dose received by film packs would be influ-
enced by the unobsiructed solid angle subtended at the film. .

Conseguently, the approximate solid angle subtended by each major component of the ship’s
super structure was calculated for each film pack location, using the DD-582 plans and photo-
graphs. This simplified treatment makes no allowance for variation in the shielding charac-
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Py /7 /7 ¢ 7 7 QQ° .‘35’ ey o~
B L& e T AN g60° 37 27 27
—WATER-BORNE SOURCES—— —BOMB GENERATED WAVES-——-—
1st TOA _—__ min
{¢f. Boundary. Plot) | | Wave 2o OA — m
Foam {min) Water {min) No.  3rd a _; "
Obs. TOA L 457 4th " — "
Obs. TOC Pk 2 e
—MISCELLANEOUS DATA——— \ o] o
TOTAL SURGE DEPOSITION (iC) \( / /7/ //‘“m
¢/min at 22 days:___— - |
Approx. Fissions: — -1000
ESTIMATED DEPOSIT DOSE RATE
{converted to Std-GITR response el tmin}} § o
GITR Background:__~— _r/hr ;-;“m
Survey Meter: T /b
IC Total: - t/hr +2000
Initigl Dose: - r
Shine Dose: — Teeoe
{tor 38% of Peok)
090000 .
TiWl (wIN)

Figure 3.185 Continued.
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e
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—
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gisse
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o« — -
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Figure 3.188 Transit dose rate record and data summary for EC-2,
Shot Umbrella. (GITR installed on centerline, Frame 48, forward,
and Frame 137.5, aft, main deck.) See key preceding Table 3.11.
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— UMBRELLA EC-2 fwd

Position: L b feet,
. L5 °T from Surface Zero
Complete Records {Unless Otherwise Indicoted): s/ - /7vg =™

Special Conditions: 2aTeraTed =, cicibe e/ 2055 A i E

i

r—GENERAL INFORMATION - \
Tyee of Tronsit: L2eTras O Type of Record: /2 /£C-2 Loyc/
Max Dose Rete ol r/fir ot = min.  Total Dose: 485 1 (eom=risd F/=) g
Film Pack Dose: Tripod £/5C 1, Flogt.——__r. Total Surge: LZ€Q  (Tiansit frem L2 _to " min)

—SURGE BOUNDARIES —

Photograpnic Boundary Radiological Boundary Source Cenfer Tail Length
TOA Center TOC TOA T0C relative to Py
(min)  (tt}{min)  (min) {min) {min) {f1) (f1)
<C LY fLst/o  3ie sal._ say {+5o0) +4 O
— APPROACH VELOCITIES
Phetographic {Vis.} Radiological (r-of-r)
minus minus minus MInUs
100 1 200 ft  300ft 500t 1600t 1200ft 4001t
{k) (k) {x} (x) {x} (x) (x)
P 80° _— h— p—
Bg ( yo-¢o) 60° _— — —

—WATER-BORNE SOURCES BOMB GENERATED WAVES—
(cf. Boundary Plot) } 1st TOA _— _ min

u

Wave 2nd "

Foam (min) Water {min) No.  3rd —
Obs. TOA  rusk Ml 4th _~
Obs. TOC nicg vione.

AT S

—MISCELLANEQUS DATA———

TOTAL SURGE DEPQSITION (IC)
¢/minat 22 doys: ___ —

wmp—

Approx. Fiss‘ons:______ - 2000 ,:‘

-4000

=-3000

!
~1900 p
:

ESTIMATED DEPOSIT DOSE RATE
{ converied to Std-GITR response at imin}

DISTANCE LFT)

GITR Background:__—_  «fhr ioos

Survey Meter:____ ~—  r/tr |

1C Totol: - 1/t re0%0
+3000

lnitio} Dose:—____° ¢

Shine Dose:_____ Tt reoee

{ for 38°% of Peak)

+3000
[+]

Figure 3.188 Continued.
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Figure 3.189 Transit dose rate record and data summary for DD-474,
Shot Umbrella. (GITR installed on main deck, Frame 136, port, and
Frame 136, starboard.) See key preceding Table 3.11.
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UMBRELLA DD-474 stbd

Position: ___% 2 4 feet,
2477 °T fram Surface Zero

Complete Records (Unless Otherwise Indicated): =7/ -42/7g  =7~=

Specjﬂl,ggnd}fions: Wiiralrd Litpe Trwdtiig 2 e s 1"*', PRCRSERAL
iy wigrter?2 i CE
—GENERAL INFORMATION

v » gl B / P {
Type of Tramsit: Tlexvgl =l e £o.TJe> TTZ  Type of Record: /D et i) )

T

Max. Dose Rote SeZe v/hr ot o _min.  Tota) Dose: &2 1 (CorverTey =7 )
Fitm Pack Dose: Tnpod T2 2 5, Floot_—— r Toiol Surge: 22" (Tonsit rom S 1o < min)
—SURGE BOUNDARIES
Photographic Boundary Radiologicatl Boundary Source Center Tail Length
TCA  Center TOC TOA TOC relative to B,
(min)  {tt¥min)  (min) {min) {min) (1) ()
<st7 380/LE .50 sat =D hid i T
— APPROACH VELOCITIES
Photographic (Vis) Radiological {r-of-r)
minus minus minus minus
100 ft 200 ft 300 ft 500 f4 16C0ft 12001t 400
(k) (k) (k} (k) (k) (k} (k)
Ps 90° _— — —
BO L ac- 5o 60° - — ___
I—WATER-BORNE SOURCES ——— —BOMB GENERATED WAVES ———
(¢f. Boundary Piot) | | Wove 1zsn?d TOA _—_ min
Foam {min)  Water (min) No. 3rd . =
Obs. TOA ok A 4th —
Obs. TOC  _2L _27e

—MISCELLANEOQUS DATA Rl
TOTAL SURGE DEPOSITION (IC) |
|

-3000

c/minat 22 doys: . —— ror

Approx. Fissions: __— =-\] i /fl/ I’T ‘

ESTIMATED DEPOSIT DOSE RATE AN //f/’ S ]
{converted to Std-GITR response at Imin) o e

v, 1 ; =
bre” b oo, zes axrc cornt
X potmem ot | Tt

D13TANCE IFT)

GITR Background: ~— _ r/hr B _
. _ , A — 5
Survey Meter:____— __t/hr ! [ 7 |
1C Total: — __t/hr ""“J( 7 1
: !
©3000 — V ‘l“
{nitia{ Dose:es?. £./RS ¢ : ,awf\ < o %'
£ o =T In Flaw GRS
Shine Dose.zs7 ¥C ¢ avoe ) EESATLTS . - MU SR
{1os 38% of Peok) ey i
i «30006 i |
c 2 4 ] Q 2 - 18
Tiwg (Min}

Figure 3.1889 Continued.
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— UMBRELLA DD-582 stbd — 357253 feet

‘ ‘ Z4%.5"°T from Surface Zero
Complete Records {Unless Otherwise Indicated): 2Id-- GITR  FP

Special Conditions: sefuraled . wocrifle "-(f' Tecfecenice

|

—GENERAL INFORMATION

Mox Dose Rete:siiued=3 /hr t____min.  Tolal Dose: _L¥¥ 1 (CoruverTed FO)

Type of Transit: Throogh te fgﬂz‘-’r*} TTC Type of Record: ), (Db~ T92, 91&;)

Fitm Pack Dose: Tripod 550 r, Floot_—_ r. Totai Surge:. 230 (Tansit from 2 to /D _min}
—SURGE BOUNDARIES
Photographic Boundery Radiologicol Boundary Source Center Tail Length
TOA Cernter TOC TOA 70C relative to F’0
(min)  (ft¥min}  (min) (min) {min) {11} (f1)
<C.8 Q00/.0 5157 sat 7S (=500) < 00
— APPROACH VELOCITIES
Photographic (Vis.) Radiological (r-of-r)
minus minus minus minus
100 ft 200 1 300ft 500% 1600 f1 1200t 40014
(k} i) (k} (%) (k) (k) (k)
Ps 90 _— —_—
Bo (40-50) 60° — — _—
WATER-BORNE SQURCES—— —BOMB GENERATED WAVES—
’_(cf. Boundary Plot) Ist TOA _—_ min
R Waove 2nd W= u
Foam (min) Water (min) No. 34 “ = .
Obs. TOA sk sk 4th —_ .
Obs. TOC 2l 2%Q i
—MISCELLANEOUS DATA ‘ I/
TOTAL SURGE DEPOSITION (IC) ) RS |
¢/min at 22 days: - e A [’ /;’7’ I |
A rox. Fiss%ons:___;____ —z000 ! . f ! N
" N
_-i00p ,’H', o . ',TJ._*: ! : ,w —_—
ESTIMATED DEPOSIT DOSE RATE £ | /]’/ etz e
{converted 1o Std-GITR response atImin)| ¢ oft Al S5 1 Lo
GITR Bockground:_——___ r/hr "a;m“ 3
Survey Meter: " t/hr ‘

1C Totat: - r/he ~2000 |-

+3000 p-t

{nitiol Dose: @s7. €620

+ 4000

Shine Dose:es?. 9 v
{for 38 % of Peak)

+5090 H

TIME (MiN}

Figure 3.192 Continued.
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— UMBRELLA DD-593 port

Position: L 2CY feet,
i 2422 °T from Surface Zero
Complete Records {Unless Otherwise Indicated): _ g/ - s/ =22
Special Conditions: _pascid/e 0o/l (piTfrfemesim €
—GENERAL INFORMATION
Tyoe of Trensit LZra sl C Type of Record:_&/; (Do-<93 , -F)
Mox Dese Rote: 3540 r/fr ot £ 7<min, Total Dose: 4.8 ¢
| Film Pock Dose: Tnpod_S% v, Floct _—=__r. Tolo: Surge: 292 (vransit trom /10 /% min)
—SURGE BOUNDARIES
§ Photographic Beundary Rodiologicol Boundary Source Cenfer Teil Length
| TOA  Center TOC TOA TOC relative o Ry
{min)  (ftl{min)  (min) (min) {min) (ft) ()
L puT y940/4.3 7490 A nd 276 - 1490 2250
— APPROACH VELOCITIES
Photographic (Vis ) Radiological {r-of-r)
minus minus minus minus
100 ft 200 f1  300ft 5001 16001t 1200ft 400f!
(k1 (k) (k) (k) (k) (k) (k)
Py 2. 2. 9 2 90° 3T 32 _Z7
f Bp sF 22 23 UL 60° ¥ 323 =P
—WATER-BORNE SQURCES— —BOMB GENERATED WAVES———
P I'st TOA _—  min
{cf. Boundary Plot) | Wave  pad VA = !
Foom (min) Weter (min) No. 3rd w = "
Obs. TOA 125 e 41th W=
Cbs. TOC 257 1450
-5000 . ! T i -
—MISCELLANEOUS DATA———— VL
TOTAL SURGE DEPOSITION (iC) Y R
¢/min ot 22 days:___— __ e \l / ////’Er]f T
Appl’OX. Fissions: -2000 , : /
N R
“1000 LY ! 3 h
ESTIMATED DEPOSIT DOSE RATE i ;‘,% /f]/,’ !
{converied to Std-GITR response attmin)} ¢ o} — L :
S ' : o
GITR Background: _—_____r/hr N t\\ ',"l/il L
Survey Meter: /e Ti ‘Ki// A
R — .t , fi ..
IC TOYCI r/hr ~z002 :’o"; X\_/[ {/ {] /, -
13000 : \|\ i / { :o:-'m ez aa't Curer_|
h"“&l DOse: - 7 !\‘u ’7 (it Seorts
Shine Dose: I r +4000 y ; e T
{tor 38 % of Peak) : \U Voo
+5000 S : -
[} H - 3 L] 10 2 14 .

Figure 3.183 Continued.
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£2-2
Film Pack DD-L7L DD-5% DD-5%3 Film Pack
Station Number  Survey+ Film Survey* Film Swrvey* Filn Station  Survey» Filn
Number
zr/hr r mrybr T mr/hr r mr/hr r

Wahdo:
3 30 1,020 67 [Se]] 26 235 1 20 300
G 39 1,28 36 T00 25 265 ) 9 255
8 sh $20 36 610 31 230 ig 7 175
3 52 750 &o 3% 51 162 1% T 243
. .34 830 60 5 33 158 2k 18 1%
1z 22 210 25 10 20 203 23 5 335
17 = 1,20 2% 7h0 22 kX o) 32 & 290
b 26 720 o8 INES 17 168 35 6 295
20 20 31 33 Lhs 18 200 38 6 265
21 56 [54e) €2 L0 32 198 L1 [ 170
23 52 595 100 25 39 165 L 5 155
oL Th g0 78 S75 26 260 ¢ Ls 6 104
27x= 2 3,150 39 615 2L 2% 7 k7 8 1835
30 22 1,000 g0 355 2k 222 hg 10 185
a7 26 610 3k 395 26 168 &5 T 165
Lo 29 1,500 b2 hiys 18 325 56 7 225
L2 L7 800 3k 800 36 135 E3#+ 5 315
52 {54 on 53 1,070 56 L30 38 198 72 12 25C
ID-532)
56 22 Q&0 31 520 -9} 2C3 T7 S 135
57 23 910 31 500 16 155 T 12 233
5% 10 1,100 28 00 11 245 | Pilot House** 6 95
Plat-Pt 16 1,320 15 760 9 368
Plat-Sthd 16 1,700 15 &30 9 335

Ucbrella:
3 w lost 21 430 6 51 1 23 580
[ 17 700 20 550 8 5% I3 17 £20
8 15 £30 20 395 [ 4g 15 it 78
S 13 Lo 3 300 7 37 17 15 960
1i 20 520 22 355 7 39 24 30 710
12 1k 590 16 340 L ks 29 29 605
174> T &40 1k L70 5 6l 32 2l 5
18 3 60 19 200 [3 3% 35 16 1,000
20 18 470 16 235 5 35 38 16 Jiv
21 30 L&o Y 275 5 36 L1 20 650
23 23 335 28 180 8 31 Ly 25 570
24 5 570 23 340 8 38 Ls 25 L30
27+% 22 660 22 430 ki sk L7 34 630
30 1k 530 1% 330 7 L3 Lg 22 560
37 16 350 17 215 6 36 55 1k 550
Lo 20 910 18 340 6 65 56 17 520
L2 27 lost 26 630 8 45 £3% 16 1,150
52 {54 on 22 L&o 26 290 8 43 T2 16 710
DD-592)
56 16 610 20 320 6 L6 7 17 355
57 17 520 18 2& 4 37 75 18 Los
53 9 &80 16 395 2 52 [Pilot House#* 16 375
Plat-stbd  LOO 80 200 505 150 70
Flat-port 400 lost 200 550 150 71

* Survey timet fx Wahoo were: 08h0-102LM, 18 May for EC-2 {pilot house, 1015M, 21 May); OG- 100 ,
1£ May for ID-Lk7:; 0826-06a3M,18 ¥ay for [D-532; and 0502-0328M,18 May for DD-533.

Sorvey times for Umbrella were: 0042-1038, 10 Jume for B£-2; 1053-1128M, 10 Jupe for DD-4T4 (port
and starboard platform, 1305M, 9 Juns); IOL5-2047M, 10 June for DD-592(port and starboard platfcwm,
1300M, 9 June); and 0914-0954M, 10 June for DD-593 (port and starboard platform, 1300M, 9 June).

*+ Aboard destroyers, GITR's wers associated with Tilm pack stations as follows: Bow-GITR = film pack
station 17, Port GITR = film pack station 27, Starboatd GITR = film pack station 6, Platform GITR =
port and starboard platform film pack station on the DD-592 only. —

Aboard the XC-2, GITR's vere associasted with film pack stations as follows: Pilot house GITR =
pilot house 2ilm pack, Forward GITR = film pack station 63, Aft GITR = Zilm pack statiom i7.

Film pack stations Are pressnted graphically in Pigures 1.12, 1.13 and 1.1k,
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PABLE 3.3L  AVERAST SHIPBOARD SURVEY RZADTNGS NOT AZSOCIATED WITR FILM PACHES
(Average of four direstional readings at each station, ses taxt)

Sta. Do-b7h LD-592 DD-593 Sta. EC-2
Fo. Wahoo Usbrella Wahct Umtrelia w:h06 Uzbreiia | Neo. Wahoo  Joorelli
=2 g £ 2 o3 z %
£g g3 &3 % Rsg g2 &=
= <o G <o S <9 S
I ey ~3 =2 ol o= o=
pry R RER 1 EREE -
£: hy hi SE b ] sg s &
£z AL &a g8 8e &g -
£ s &P e =2 Es £e
- g - [N -- e = =
= ur o far =r/hr My
1 26 11 ® 2t 22 3 2 7 15
2 26 2 2z 26 26 5 2 e 18
i 30 16 i3 20 2 & o 11 13
[ 36 1 235 20 23 [ b= 0 19
7 37 2 Lo 20 25 [ 7 13 -}
10 32 1 70 n 26 4 g & 17
13 22 17 k2 14 18 [ 9 5 16
1L 30 0 33 20 28 b 10 5 18
15 22 7 22 20 2k kL 1t 5 18
1 20 8 21 12 21 L 12 5 1E
12 17 12 22 1L 15 5 i 13 [ M
22 51 28 100 Eisl et & ik 1 it
25 35 22 32 22 21 7 15 é 17
25 40 20 36 22 28 7 18 2 17
28 31 24 s} 22 29 8 13 9 17
29 23 12 43 23 2k 8 20 9 18
31 £ 10 Ly 26 52 7 21 8 18
32 =] 8 52 22 21 g 22 8 19
33 26 10 17 20 23 g 23 9 20
34 ke 15 21 18 Qi é 25 6 20
35 16 16 20 b 12 b 2€ s 20
% 17 16 20 18 16 & 27 5 20
32 0 28 k] 20 20 L 28 5 30
39 31 22 L3 18 18 5 30 7 31
41 31 22 28 2k 21 5 31 10 %)
43 20 16 L0 28 17 6 33 8 25
uk 25 20 39 ok 20 [ 35 5 16
L3 25 18 30 14 18 6 36 6 18
LE 21 pes 24 10 19 6 |37 6 18
57 22 19 35 2U 23 4 9 ) 15
48 20 21 1 26 16 i Lo 7 2z
L3 23 12 Kje] 29 20 6 L2 8 28
50 26 15 3L 28 23 6 LX] 5 24
51 29 18 33 2 20 [ L& 2] L3
52 - - 28 - - 42 11 28
53 23 20 16 26 6 6 50 8 18
5k 33 0 - - 18 s 51 8 29
55 33 25 53 21 25 & 52 T 16
58 26 50 20 22 [3 53 7 16
sk 7 1k
57 8 18
58 7 16
59 & 15
&0 3 1L
€1 L 1h
62 5 14
6L 10 16
63 13 16
65 9 16
671 9 16
68 9 15
69 12 16
70 13 18
71 12 16
73 8 19
7L 7 20
75 8 23
76 5 18
76 é 16
& 11 18

310



teristics of the various superstructure components; however, where a relatively thin section of
the superstructure subtended more than 10 percent of the total unobstructed sctid angle, an
approximate shielding factor was estimated, using the ship’s plans and a gamma energy of 1
Mev. DPlots of the approximate effective solid angle subtended by the radiating cloud are pre-
sented in Figures 3.213 and 3.214. A comparison of these plots with similar film pack plots
demonstrates the effect of the ship’s superstructure conclusively. A more refined treatment
of 1his proflem would probably yield an even closer correspondence between {ilm pack doses
and the tot.: solid angle subtended.

3.4.3 Conversion Factors. Although the effect of superstructure shielding has been demon-
strated ir the previous section, the calculation of conversion factors from isodose contours to
shipboard exposures is subject to many errors. The variable nature of the radiclogical event
at close ranges and the nonuniform distribution of radicactive material within the base surge
are the principal sources of difficulty. These uncertainties can cause error even in the simple
extension of a shipboard GITR measurement to another shipboard position where a film pack
reading has been made. Because of these difficulties, the estimated conversion factors are
restricted to total cumulative dose only. All factors should be used with caution.

With the exception of the EC-2 during Wahoo and the DD-592 during Umbrella, the average
total GITR dose and the average of the film pack doses from the exposed deck positions agree
with the total dose estimated from the isodose contours to within +15 percent (see Tables 3.27
and 3.30, and Figures 3.103 and 3.109 for basic data). The film pack inside the pilot house on
the EC-2 is omitted {rom these averages for obvious reasons, and the cumulative dose {rom
the bow GITR on the DD-593 is also omitted for reasons discussed later. The average GITR
dose is less than or equal to the total dose estimated from the isodose contours for Wahoo,
whereas for Umbrella the average GITR dose is greater than the total dose estimated from the
isodose contours. If only exposed shipboard positions are considered, the film pack data also
shows some fairly consistent differences for the two detonations (Table 3.32). In general, the
shipboard doses for Wahoo are approximately 10 percent lower than what would be expected
from the isodose contours, whereas for Umbrella they are 10 percent higher. The data is,
however, insufficient to make any further generalizations about the differences between Wahoo
and Umbrella. The variations shown by the EC-2 during Wahoo and the DD-592 during Um-
brella are most prebably due to errors in the isodose contours in the region of these ships,
although another possible explanation is discussed later.

Conversion factors that compensate for superstructure shielding can also be computed for
each ship. Because of the paucity of GITR data, these conversion factors have been calculated
from f{ilm pack data only. The average of all film pack doses aboard a given ship is low
because of shielding effects, whereas that for the platform fi'm packs and perhaps even for
exposed positions on the superstructure decks is high because of the increased solid angle sub-
tended by elevated positions. The average of all exposed deck positions is, therefore, selected
as most representative of the free-field dose for a given ship, and all other shipboard
FP doses have been normalized to these averages, to obtain the desired conversion factors
{Table 1.33).

The plots of film pack dose versus frame nsumber (Figures 3.207 through 3.212) show a
fairly consistent difference between film pack doses on the opposite sides of the closer ships.
This difference is consisernt with the mritude of the ship i allowance is made {or movement
affer zero Gme {Figures 2.1 and 2.2}, On the DD-593, the most distant ship, this difference
is so small as {0 De somewhat arbitrary. On the closer destroyers for both shots and on the
EC-2 for Wahoo, the starboard side was exposed either to surface zero or to the track of the
base surge center (the hot line) and the starboard film packs; with the exception of a2 few ex-
posed positions on the superstructure, the starboard film packs reflect this orientation by
registering a significantly higher dose than the port film packs. For UmB-rella, the port side
of the EC-2 was facing surface zero; however, neither the port or starboard film packs show
4 consistent pattern, although the port film packs generally tend to be higher.
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FILM PACK DOSE (R)
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Figure 3.207 Plot of film pack dose readings on main deck of destroyers versus
position along ship, Shot Wahoo. (Lowest frame numbers are forward; each
frame number represents approximately 2 feet. )
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Figure 3.208 Piot of film pack dose readings on superstructures of destroyers
versus position along ship, Shot Wahoo. (Lowest frame numbers are forward;
each frame number represents approximately 2 feet.)
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Fil M PACK DOSE (A)
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Figure 3.209 Plot of {ilm pack dose readings on main deck of destroyers
versus position along ship, Shot Umbrella. (Lowest frame numbers are
forward; each frame number represents approximately 2 feet.)
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Figure 3.210 Plot of film pack dose readings on superstructure of destroyers
versus position along ship, Shot Umbrella. (Lowest frame numbers are forward;
each frame number represents approximately 2 feet.)
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FILM PACK DOSE (R)
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Figure 3.211 Plat of film pack dose readings on main deck of EC-2 versus position
along ship, Shots Wahoo and Umbrella. (Lowest frame numbers are forward; each
frame number represents approximately 2 fest.)
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Figure 3.212 Plot of {llm pack dose

pasition along ship, Shots Wahoo and Umbrella.

readings on superstructure of EC-2 versus
{Lowest frame numbers are

forward; each frame number represents approximately 2 feet.)
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Figure 3.214 Estimated solid angle of cloud subtended by film packs
ploited against frame number, EC-2. (Locations of film packs were
identical for both shots.)
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plotted against frame number, destroyers., (Locations of film packs
for all three DD’s were identical for both shots. )
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TAELE 3.33 CONVERSION FACTORS TOR SUPERSTRUCTURE SHIZIDING

Wahoo Uobrella
Surpe slde® Center® Cther side¥| Jurge slde™ Clenter® Other side®| Averange Veriaticn
{etra) Line {port) _(sted Line {port) conversion factor of fa
EOTERE Y] Sea  Comv Sta Conv Sta Conv cta Conv Sta Conv {voth shots) shot mean
I'a. Tmewor ¥o. Factcr Ro. Facter| No. Factor No. Factor Ro. Facter | {srg)*(esr)*{ other*) (srg¥ str¥ anners )
2=l ED=s7 * “ g
17 G563 27 1.075 1.03 5
1 0,553 18 0.389 0.57 u
12 0.633 v ¢.Lx |12 ¢33 20 0.502 |0.13 0.65 L 7.5
i ©.653 21 0.5%3 ] 11 0.66E 21 0.589 i 0.66 .57 5.5 k]
3  0.576 23 0.L37 9 0.602 21 G,LLZ 1 0.59 Q.45 2 2
g 0.706 2L 0.633 & ¢.Eeé 2w G.502 (073 0.62 5.5 L
& 0.9%2 27 0.883 ) £ c.6 z7  0.5k5 [ C.9k 0.86 L 2.5
3 0.783 3¢ 0.762 3 Lest ¥ C.678 |0.78 0.73 1§
37 0.Le8 37 Q.uhs 0.46 2
40 g.is2 b 1.185 1.1 ]
52 0.%2 L2 0.16k ! 52 0.614 42  Lost 0.72 0.o1 b
56 0.737 57 0.737 | 3¢ o¢.182 57 0.686 | Q.76 0.705 12.5 5 *
59  0.845 5 0.870 6.85 H
{ave var L%}
D-592 ID-592
b 1.026 17 0.879 G.36 [
15  o.585 18 g.37h C.57 2L
1 0.7k 20 0.823 | 12 0.636 20 0.476 | 0.63 0.55 £ 13
1L G.TOT 21 0.5Tk | 11 0.66% 21 0.51k | 0.69 0.5k 3 5.5
9 0.3 23 0.Lss 2 0.361 23 06.336 | 0.5is 0. 3 15
8  ¢.osu 26 0.80% 8  0.733 2k 0.636 | Q.20 c.72 7 1
6 0.9%0 27 0.58 6 1.022 27 0.216 1.0 0.83 2 3.8
3 0.847 30 0,777 3 0.80k 30 0.6 o.f2 .70 2.5 11.5
37 0.553 37 o.kee 0.475 16
sk g.60@ Ao 0.623 | B 0.5k & 0.63% |0.37 0.63 | 5.5
&2 1,120 L2 1478 1.1 z.5
56 0.728 57T 0.700 [ 5S¢ 0.593 5T £.52h | 0.87 0.61 | 3.5 15.5
5% 0.%¢ 53 0.732 0.79 6.3
(ave var &%)
DD-593 4p-533
17 0.667 17 .05 0.87 23
18 £.552 18 0.58% 0.57 2
12 0.683 20 0.666 112 0.752 20 0.585 [ce.72 0.62 3 [3
1l 0.657 21 0.659 {13 0.651 21 0.601 |0.66 2.63 1 5
% D.336 23 0.5k¢ 3 0.58 23 0.%:8 {90.39 0.5k 5 3
£ p.756 2L 0.266 8 0.8:8 2k 0.63% 10.80 0.78 3 12
6 0.382 27T 0.532 6  0.38% 27  0.%¢2 | 0.54 0.52 5 1.5
3 0.783 36 0.759 3 0.832 0 0.7 {o.82 0.7k 4 2.5
37T 0.55%9 37 0.6CL 0.58 4
1.082 LW 1.085 1.08 0
52 0.659 L2 D.645 | 52 0.7i8 B2 0.752 | 0.69 0.70 {4 7
56 0.6T6 57 0.663 | 86  0.768 57 0.768 |0.72 5.72 7 7
5 0.816 59  0.868 ©.84
(ave var 5%)
Vahoo Umbrella
Surge side » Center # Other side % Surge side # Center # Other gide ¥| Avernge ffariaticn
{stwa) Line (port) ort) Line (sted) Cooversion factor bf factor fron
Sta Conv £ta Comv Ste Coav Sta  conv Sta  Comv Sta  coav {veth shots) BROT mean
Ho. Factor No. Factor No. TFaetor! No. Factor No. Factor | (srg} {err) ( other Werg) (eer){ octhewr }
oL
56 0.7T78 55 0.5T1 [ 55 o©.521 56 0.492 [0.65 .53 | 15
63 1.15% ; 1.13 3.5
72 0.96% b 0.6k { by 0,531 72 0.673 |0.75 .66 |28 2
7% 0.813 b7 0.6 U7 0,597 79 ©.38 jo.71 0.52 15 26
TT  0.hé7 77 0.3M% .42 12
1 1.038 2 0.3C (24 0.673 1 0.5 10.85 0.4 |22 21
& 1.021 15  0.605 f 15 0.7 6 0.583 |o.88 .60 |1 1.5
17 0.8k 1T 0.910 0.88 4
- ik 0.5TL | B D.5RO - - 0.56 2.5
2 1.1% RS 0.360 | &5 0.4 29 0.57h {0.81 0.h7 | &3 22
32 1.003 k1 0.588 | 81 0.616 ®  0.57k {0.81 0.58 |23 2
35 0.863 38 0.917 | 38 ©.863 35 0.9L8 | 0.9 0.93 3.5 1.5
{ave var 14

* N?te: The side of the ships facing surface zavo or the hot line is called the Surge aide (srg}; the opposite
eide ia called the Other side {ctber). Positions on the center line are indicated by (ctz).
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The conversion factors presented in T.u.e 3.33 have, therefore, been calculated for the ex-
posed and for the shielded side of a ship. A compariscn of the destroyer conversion factors
determined for the two shots indicates that, although they are fairly constant, there can be
variations as large as 20 percent of the mean. The comparison is by no means as good for the
EC-~2. These discrepancies (and possibly the abnormally high record for the bow station aboard
the DD-593) are probably due to local turbulence caused by the ship’s superstructure (Section
3.8.2).

Since a high reading was obtained at the bow station on the DD-593 on both shots and since
no fault can be found with the detector, the reading is considered valid. Furthermore, this
GITR record agrees with the other weather deck records after passage of the base surge. As
previously suggested, eddies caused by the superstructure may temporarily retain remnants
of the base surge at specific locations. A plot of the difference between the bow station and
the other two stations aboard the DD-593 versus time (Figure 3.215) yields a record resembling
that characteristic of the particular shot. The integrated dose under these curves is 288 r for
Wahoo and 83 r for Umbrella. Similar eddy effects are postuiated aboard all target ships (Sec-
tions 3.3.2 and 3.4.1). The temporary retention of surge in turbulent eddies surrounding the
ship’s superstructure would have highly variable effects and cannot be conclusively demonstrated
by the available data. A short retention at early time could result in a significant additional
dose; however, the case of the bow station on the DD-593 appears extreme. Possibly, these
effects may be more proncunced after the base surge has slowed down to surface wind velocities
and-at times when the surge transit dose is not masking. Although retardation and temporary
retention of the surge by the ship’s superstructure seems a reasonable explanation {or the pro-
longed gamma records after upwind surge transit, the extension to the bow records for the
DD-593 is at best difficult, and no completely satisfactory explanation has yet been advanced.

Although the eddy hypothesis cannot be conclusively demonstrated, it does indicate possible
errors in the assumption 1kt the cumulative dose received aboard a ship corresponds to that
which would be predicted on the basis of the ship’s position relative to the isodose contours
and superstructure shielding factors. With these reservations, the dose determined {rom the
isodose contours may be assumed to represent that received at an exposed position well away
from the superstiructure on a staticnary ship under full washdown. This dose may then be con-
verted to other less exposed positions on the weather decks, using the conversion factors listed
in Table 3.33. This type of conversion may, of course, be extended to inner compartments us-
ing the film pack data obtained by Project 2.1. It is impossible to estimate the true accuracy
of this procedure; therefore, these conversion factors must be used with caution. This state-
ment is particularly true if this information is further extended to the case of moving ships.

3.5 CHARACTERISTICS OF AIRBORNE RADIOACTIVE MATERIAL

Since the chemical and physical parameters of base surge are indirectly associated with the
principal objectives of this project, only a brief summary of the Hardtack results is given here.
The two subjects covered in detail are (1) fractionation and (2) base surge collection aboard the
DD-5582. Fractionation of radicnuclides deposited on coracle surfaces becomes important when
determining the maximum possible contribution to the free-field dose from such sources. The
special collections aboard the DD-532 give some indication of the amount of water accompanying
deposition at distances of approximately 3,000 {eet from surface zero. This region is beyond
the maximum throwout radius for both shots and yet still appears t0 be within a zone of heavy
water deposition (Section 3.3.1). This water probably contains significant amounts of either
dissolved or entrained {ission products, bat, according to the GITR records at these locations,
most of this radicactive material was rapidly washed from coracle and ship surfaces. Deposi-
tion from the base surge at greater distances is very light and does not appear to be accompa-
nied by such large amounts of water. —

More cetailed reports of the results obtained from the Hardtack samples may be found in
the following reports: radiochemical analysis and fractionation (References 105 and 106);
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amounts of induced C1® (Reference 107); decontamination studies (Reference 108); and plume
trajectories (Reference 108).

3.5.1 Fractionation. Fractionation is indicated by the pronounced differences in decay
curves obtained from the various samples collected by the project. To establish the importance
of the radiation due to deposited material relative to the {ree-field radiation during base surge
transit, some systematic means of correcting for possible fractionation of the deposited mate-
rial was required. Coracle recovery operations prevented the counting of IC collections at
times earfier than about 11.5 hours on Wahoo and about 13.5 hours on Umbrella. Since decays
could not be run on each IC iray, there did pot appear to be any reliable means of correcting
the observed counts back to the time of deposition. A detailed examination of the IC decays
suggests, however, thatthe observed irarticnation has some regular correlation with the his-
tory of the radicactive material immediately prior to collection. M should be emphasized that
these analyses of decay characteristics are inade upon limited observations. Nevertheless the
apparent trends seem at least sufficient for the purposes of this project, especially since con-
clusions based upon this data are supported by information from other sources {Section 3.3.1).

IC trays that were continuously exposed or that are known to have been altered by coracle
overturn have been eliminated from consideration; thus, only 21 decay curves for representa-
tive 1-minute IC collections (Table 3.34) are available for comparison. The 37- and 40-minute
collections from Station CR 2.7 for Umbrella are also included in this group since, although the
coracle is reported as overturned, the IC cannot have operated in an overturned position to ex-
pose these trays. Nevertheless, these collections are probably the result of an arming error
and thus represent those of an overturned coracle, in which case they should most resemble
the “water” decay described later, Each IC decay was plotted from 0.5 to 60 days on a separate
sheet of transparent semilogarithmic paper, using identical scales; smooth curves were then
drawn so that they passed through all plotted points. By comparison of these curve shapes on
a light table, it was found that the curves could be grouped into two general classes whose
characteristic shapes could not be superimposed. No real distinction between collections from
the two shots could, however, be made.

These decay curves have been assembled into two families and normalized at 22 days (a time
which produces the narrowest pencil of lines between 20 and 40 days) and are presented in Fig-
ures 3.216 and 3.217. The family of decay curves represented in Figure 3.216 is typical of
collections that were probably deposited directly from transiting airborne material; whereas
that in Figure 3.217 is typical of collections that could only have resulted from some secondary
process, such as radioactive water splashed into the collector. These two characteristic types
of decay were, therefore, called the “ base surge” or “early’ decay and the *water” or “late”
decay, respectively. For ease of comparison, a best line has been faired through these two
families of curves, and these two lines together with the standard decay curve and the gamma-
intensity-decay unit (GIDU) decay curve obtained by Project 2.1 (Section B.2) are presented in
Figure 3.218. Note that the early collections appreximate the standard decay curve prior to
22 days, whereas the late collections approximate it from this time to 60 days. One Umbrella
coliection (DL 18.0 at 6 minutes) does not follow any of the decay curves over the entire 60-day
interval. The collections from DL 16.0 and D 22.0 for this shot are both so close to background
that their decay curves may have been influenced by changes in counter background. Other decay
curves obtained from IC trays that jammed in an exposed position or from other collections that
were continuous throughout the event are presented in Figure 3.219. These curves possess a
variety of shapes, which vary between the early and late characteristics.

In addition 1o this possibie division into two families, there also appears to be characteristic
subvariations in the shape of the base surge decay family (Figure 3.216). A more detailed com-
parison of the curves for Wahoo and Umbrella samples indicates that a further subdivision may
be possible (Figures 3.220 and 3.221). The collections corresponding to the plottedcurves are
given in Table 3.34. Although the correspondence is not perfect, there is a fairly consistent
change in curve shape with time of deposition, particularly for collections widely separated in
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TABLE 3.34 CHARACTERISTIC DECAY CURVES FOR IC COLLECTIONS

The IC cullections are designated by the location of the collection followed by
a time indicating the time at which the 1-minute collection ceased. For a more
detailed description, see Section D.2.

{Also see Figures 3.220 and 3.221.)

Decay Character- Decay Character-
IC Collection Curve istic 1C Collection Curve istic
No. Family No Family
Wahoo: Umbrellia:
CL 3.9, 2 min 3 Early U 2.7, 2 min 2 Early
CL 3.9, 3 min 2a Early U 2.7, 3 min 3 Early
CL 4.6, 3 min 2a Early CL 4.0, 2 min 4 Early
CL 7.1, 4 min 3 Early CL 4.0, 4 min 4 Early
DL 7.1, 8 min 1 Late DL 6.2, 2 min 3a Early
DR 4.5, 9 min 1 Late DL 16.0, 6 min 4a Neither
DR 24.0, 52 min 1 Late D 18.2, 7 min none Early?
DRR 6.8, 2 min 2 Early D 22.0, 9 min none Early?
DRR 8.8, 3 min 2 Early DR 12.2, 5 min 4a Early
DRR 12.8, 44 min 1 Late CR 2.7, 37 min 1 Late
foverturn)
CR 6.4, 2 min 3 Early CR 2.7, 40 min 1 Late
{overturn)
CR 6.4, 3 min 3 Early '
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time. Since the exact time of collection cannot be established with an accuracy greater than
+Y%, minute, the characteristic decay curves for the two shots are combined for the correction
of all IC collections (Figure 3.36). 1If these combined curves are accepted, the characteristic
shape of decay curves for collections made in the first minute resembles that which would be
expected from samples deficient in short-lived or enriched in long-lived fissién products.

The decay shapes for samples collected during the next 4 or 5 minutes show an apparently
continuous variation with time of collection, which could be duplicated by the addition of shert-
lived or depletion of long-lived {ission products. After about 5 minutes, the base surge decays
no loenger exhibit any significant change with time of collection. In specific instances where a
direct contribution {rom radiocactive water is suspected (U 2.7 on Umbrella), the observed
decay curve is intermediate between a base surge decay and a water decay. Contrarily, the
water decay curves, while quite distinct from the base surge family, show little variation with
either time or location of collection.

In general, the characteristic IC decays seem to depend primarily upon whether the deposi-
tion resulted from the base surge or from other sources with secondary modifications dependent
upon the time of collection. Although the location of collection necessarily affects the time of
deposition, this single factor in itself has apparently little significance. The data available is
not sufficient to demonstrate the suggesied time dependence conclusively; however, it is suffi-
cient to suggest that a more rigorous investigation of this phenomenon on future underwater
detonations might be rewarding.

Further evidence of the {ractionztion of Hardtack samples is found in the radiochemical
analysis of a number of samples collected at various surface stations for both Wahoo and Um-
brella and of a few cloud samples collected by LASL aircraft shortly after zero time (Refer-
ence 105). In summary, these analyses show evidence of extreme fractionation of certain
radionuclides with respect to Mo¥. Zirconium, ruthenium, tellurium, and total rare earths
showed little fractionation, but the nuclides with gaseous precursors exhibit considerabie fluc-
tuation, The base surge samples for Wahoo show 3r®® enrichments greater than 20, whereas
the Bal® enrichmems of the samples are approximately a third of those cbserved for Srf.
Conversely, base surge samples for Umbrella are enriched in Sr® by factors ranging between
3 and 10, with Ba!® enrichments as great as twice those observed for Sr®. Ocean water sam-
ples from both events were deficient in both Sr®® and Ba'’® by factors as large as 2, whereas a
crater sample from Umbrella was deficient in Sr®® by a factor of 10. Exact statement of all
these results is given in Reference 105.

The change in relative Sr®® and Ba'*’ fractionation reported for Wahoo and Umbrella may
represent an example of fractionation of gaseous fission products at venting. The suggestion
that the IC decays demonstrate a consistent change dependent upon time of deposition during the
first minutes after detonation invites some preliminary speculation on possible fractionation
mechanisms that might be operative during the early stages of base surge generation. The
gaseous precursors of such radionuclides as Sr* and Ba'? may not be dissolved in the water
droplets comprising the plumes and hase surge, whereas most nonvolatile fission products
could be effectively scavenged either in the ocean prior to venting or subsequently by these
same liquid droplets. So long as these precursors remain gaseous, they can exist independ-
ently, going into solution in the liquid droplets at rates that are slow in comparison to the
rate of surge development. Upon decay to a nonvolatile daughter, however, the radionuclide
wounld be strongly attracted to any availabie surface. Since in the column and early base surge
a very large area of liquid surface exists, the rapid incorporation of these nonvolatile radio-
nuclides can be presumed.

Assuming that only a2 small percentage of the total fission products becomes airborne after
an underwater detonation but that a large proportien of the volatile products escape when the
expiosion hubble reaches the water surface and become mixed with the column and base surge,
it seems reasonable to suppose that base surge droplets would become incseasingly enriched
with the decay products of the gaseous radionuclides. Assuming that various small percentages
of the total fission products escape at bubble surfacing time, the calculated enriclunent with
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respect to Mo® for various radionuclides with volatile precursors indicates changes in nuclide
composition with time, which are in rough agreement with the observed values for 8r® and Ba!'®
on Wahoo and Umbrella, If this hypothesis is accepted, it would be reasonable to expect that,
because of the later surfacing time on Wahoo, a larger proportion of Ba?, which has shorter-
lived gaseous precursors than Sr®, would remain with the ocean water. The early surfacing
of Umbrella would permit a larger proportion of the volatile precursors of Bal*? to escape.
These would then be rapidly scavenged by airborne droplets. It would appear that both these
effects have been observed (Reference 105). The speculations offered here cannot be consid-
ered conclusive; they do, bhowever, appear to justify the limited observations made during
Operation Hardtack and suggest that more precise investigation into such possible mechanisms
might further illucidate the fractionation phenomenon.

Other miscellaneous samples collected by various simple means gave further evidence of
fractionation. These samples included ocean-water samples, funnel samples, bottom samples,
and cloud samples. The ocean-water samples were simply collected ir polyethylene bottles.
The funnel samplers (FS) described in Sections 1.33 and 2.2.6 were placed at a number of posi-
tions within the array in a special bracket that permitted helicopter recovery immediately after
the shot; thus, decay information from H+4 hours was obtained for both Wahoo and Umbrella.
Cloud samples were obtained for Project 2.3 by the LASL cloud-sampling aircraft. Cloud
samples were collected on 2-inch-square filter paper patches placed upon the large filter paper
normally used by LASL for aircraft sampling. A single bottom sample was obtained from the
Umbrella crater on 13 June 1958 by means of an improvised bottom trawl. The locations and
times of collection for all these miscellaneous samples are summarized in Table 3.35. The
crystal decay curves obtained for some of these samples are presented in Figures 3.222 and
3.223. Al these decays were counted on Shelf 1 of End-Window Gamma Counter 2 (described
in Section 3.3.1). The distance from the support of Shelf 1 to the bottom of the crystal is 21
mm (conversion factor from Shelf 1 to Shelf 5 is 0.173). The cloud sample filter patches were
digested by vigorous stirring in nitric acid, and the resulting suspension was filtered and made
up to 50 ml. A 2-ml aliquot of this filtrate was distributed over the collecting surface of a
blank IC tray, which was then counted.

All ¥8's were treated in a similar manner. These samples were made up to a known volume,
and an aliquot of the resulting solution was distributed over an IC tray as summarized in Table
3.36. Similarly a 3-ml aliquot of the H+ 2 hour ucean-water sample for Umbrella was distrib-
uted over an IC tray and counted. Tle Umbrella crater sample was also counted by first dis-
solving 2.4 grams of the air-dried mud in nitric acid and then distributing the solution over an
IC tray. The treatment of these miscellaneous samples permits comparison with decays deter-
mined for the IC collections if correction for shelf geometry is made. Funnel Sample 1 and
Cloud Sample 1 for Wahoo were also counted in a 47 gamma ionization chamber (Reference 110).
The relative ionization readings versus times are presented in Figure 3.224.

3.5.2 Physical and Chemical Properties. The majority of project instrumentation was spe-
cifically designed for the measurement of the gamma fields resulting from an underwater
detonation. Only those instruments installed on the platforms aboard each target destroyer
(Sections 1.3.3 and 2.2.6) were designed to provide samples from which physical and chemical
properties could be determined. Thus, the conclusions presented in this report are obtained
from a limited number of samples collected at no more than three downwind positions. During
Wahoo, samples were obtained from the DD-593 only because of the power failure aboard the
DD-474 and DD-582 prior to the shot. During Umbrella, nearly complete sets of samples were
obtained from the DL-592 and DD- 593, those aboard the DD-474 having been destroyed by what
appeared to be the impact of the water-laden base surge moving at its initially high velocity.

The AF1 installed on the platform aboard the DD-592 (Figures 1.13, 1.16, and 2.8) is fully
described in Section 2.2.6. A series of samples are collected at a rate of 10 ft¥min on DMT
filters, each backed by reservoirs that act as liquid traps. Thus, the sample is separated at
the time of collection into liquid and solid fractions. A total collection by the AFI is composed
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TABLE 3.35 MISCELLANEQOUS SAMPLE DATA

Actual Position

Location of 8 Time of Collection
Installation Bearing  Distance EBG EDG

Type of Sample From From )

N or Collecting Date Time

Agency Surface Surface 1958
Zero Zero
deg ftrue) ft
Wahoo:
Funnel Sample 1 YC-2 29 2,100 16 May 1530
Funnel Sampie 2 YC-1 29 3,600 18 May 1030
Funnei Sample 3 YC-5 244.5 4,500 18 May 1130
Funnel Sample 4 YC-6 248 6,500 18 May 1130
Cloud Sample Aircraft (altitude of 1,900 ft) 16 May 1356
Cloud Sampie II Aircraft (altitude of 2,500 ft) 16 May 1408
Ocean Water I Bolster 158 1,500 16 May 1309
Ocean Water {1 Rehoboth (21°19.0'N lat. 17 May 1000
162°00.5' E long.)

Umbrella:
Funnel Sample 5 YFNB 12 068 2,350 9 June 1248
Funnel Sampile 6 YC-7 96 3,150 9 June 1248
Funnel Sample 7 EC-2 158 1,650 10 June 0830
Funnel Sample 8 NQL-55 251.3 5,620 10 June 1245
Cloud Sample I Ajireraft (altitude of 850 ft) S June 1126
Ocean Water { Radsafe LCM 039 370 g June 1232
Ocean Water II Munsee 248 4,400 16 June 1200
Crater Sample .- Project LCM (Approximately SZ) 13 June 1445

TABLE 3.36 SUMMARY FOR FUNNEL SAMPLES

All measurements in milliliters.

Sample Recovered Equivalent Sample Made Up Aliquot Placed
Number Volume Sea Water* to Total Volume on IC Tray
Fs-1 5to 10 15.0 50 0.50

FS-5 77 83.2 100 0.10

¥5-8 336 363.7 560 0.50

F8-7 11 12.8 a0 5.0

F5-8 45 65.9 100 5.0

* Determined by chloride analysis.
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